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THE INFLUENCE OF AUTOLYSIS ON THE PROTEIN-PEPTIDE PROFILE
OF Bos taurus AND Sus scrofa HEART AND AORTA TISSUES

B/ISTHVE ABTOJ/II3A HA ITPOTEOMHO-IIENTUIHBIN ITIPO®PUIID
CEPOJEYHO! MbIHIIIBI 1 AOPTDbI Bos taurus n Sus scrofa

Chernukha I.M.}, Fedulova L.V.}, Kotenkova E.A.}, Shishkin S.S.%, Kovalyov L.1.>
'The V.M. Gorbatov All-Russian Meat Research Institute, Moscow, Russia
?Federal State Institution “Federal Research Centre “Fundamentals of Biotechnology”
of the Russian Academy of Sciences, Moscow, Russia

KmroueBble cnoBa:  aopma,
asmonus, anekmpogopes

mxKkaHesas cneuugﬁum—tocmb,

Annomauus

B cmamve npedcmasnenvt pesynvmamot usyueHus 61UAHUS a6-
MONUMU1ECKUX NPOUeccos Ha 0enK060-nenmuoHslli cocmaes
cepdeunoii moluybl U aopmot Bos taurus u Sus scrofa, npusederivt
pesynvmamul udeHMuPuUKAUUYU mKaHecneyuPuuHobLX 0enKosbIX
MOIEKYTl U 6IUSHUE ABMONU3A HA UX COXPAHHOCMD. B mKansx
aopmut Sus scrofa 6vinu o6Hapyxcenvl anonunonpomeur A-I,
yuacmeyousuil 6 06pa306anuL TUNONPOMEUHOB BbICOKOLL NI0M-
HOCHU, NePOKCUPeOOKCUH-1, yHaCByOusUll 6 N00ABNIEHUU OKUC-
JIUMeNbHO20 Cmpecca, 2aneKmuH-I, UHOYUUPyouuti anonmos
T-numgonumos, a maxsce psio 6enK08 Mens06020 UWOKA, UMEI0-
wiux monexynApryro maccy meree 30 kla. bviio ycmanossnero,
4mo PyHKUUOHANIbHbLE GeNIKOBble 6eU4ectnéa ¢ MONEKYAPHOU
maccoti meree 30 x/Ja coxpausomcs 6 npouecce 3amopo3Ku, HO
paspyuiaromcs nod deiicmeuem PepmeHnos colpvs Npu a6monu-
3e. Mccnedosarue evinonteno 3a cuem epanma Poccutickozo Ha-
yurozo goroa (npoexm Nel6-16-10073).

BBenenue

Ha ceropgusiHuii feHs paspaboTaHo MHOXKECTBO CTpa-
TETUII [0 YTy YIIEeHVIO PYHKI[MOHATbHO-TeXHOIOTMYEeCKIX
XapaKTePUCTUK MsACA ¥ MACHBIX IIPOAYKTOB, KOTOPbIE MO-
TyT OBITh peann30BaHBI IyTeM JOOaBIeHMA Pa3INYHBIX
(YHKIMOHA/IBHBIX COEVHEHMIT, a TAK)Ke NPYDKU3HEHHOI
MopuduKaIye XMBOTHOTO CBIpbsi. B TexHOMOrMM Mmsic-
HBIX IPOAYKTOB (PYHKIMOHAIBHOTO U CIIeMaTN3UpPOBaH-
HOTO HasHAa4YeH)s YCIIEIIHO INPUMEHSIT MOAM(UKAIINIO
cocTaBa (TeXHOMOIMM MOAUPUKALNUA >KMPHBIX KICIOT,
KOHTPOJIS HATPUA X/IOPMJA), BHeCeHUe (PYHKIIVOHATbHBIX
97IEMEHTOB M CIeIVaIN3MPOBAaHHBIX MOAyel (pacTu-
TE/IbHBIX KOMIIOHEHTOB (Maces, 9KCTPaKTOB, BOJIOKOH),
COoeBOro 6e/Ka, HaTypalbHbIX M CUHTETNYECKNX aHTUOK-
CUJIAHTOB, MOJIOYHO-KUC/IBIX OaKTepuii, pplObero Xupa,
IIPOV3BOJHBIX O€/TIKOB, BbIJE/ICHHBIX Y3 OPTAHOB 1 TKaHel
MJIEKOIIUTAOMMX (B YaCTHOCTH, CBMHEN U OBIKOB) — O110-
JIOTMYECKM aKTUBHBIX IIenTURoB)[5, 9].

C pasBUTHEM COBPEMEHHBIX METOJIOB IIPOTEOMVKM
CTaJI0 BO3MOXKHBIM CO3J[]aBaThb IMPOTEOMHBIE KapThl C IIO-
crenyroueil uaeHTnuKaIyert 6e1KoBbIX GpaKIuil, COOT-
BETCTBYIOLIVIM OfHOMY Iy 6071ee GeIkaM C OIpefie/IeHHOM
6uonornyeckoit posnblo. Taxoke 6bII0 0OHAPY>KEHO, YTO SKC-
Hpeccysi TeHOB IIPOVCXONT 110 IPMHIINITY TKaHEBOI CIIeI-
¢duuaHOCTH [4], YTO MO3BONMMIO pacCMAaTPUBATh KMBOTHBIE
OeNKM He TONbKO B KayecTBe MCTOYHMKA IUIACTUYECKOTO
MaTepMasa, HO ¥ KaK 3aKOAMPOBAHHYI0 aMIHOKJCTIOTHYIO
HOC/IEIOBATE/IbHOCTD, ~ BKJIIOYAIOLIYIO  ITOJUIIEIITU/IHbIE
(parMeHThI pery/IATOPHOTO 1 CUTHA/IBHOTO MopsziKa [8, 10].

Keywords: aorta, tissue specificity, autolysis, electrophoresis

Abstract

The article presents the results of autolytic processes impact on the
protein-peptide profile of Bos taurus and Sus scrofa cardiac muscle
and aorta. The results of tissue-specific protein identification are
also presented as well as the effect of autolysis. Apolipoprotein A-1
involved in the formation of high-density lipoproteins, peroxire-
doxin-1 involved in the suppression of oxidative stress, galectin-1
induced apoptosis of T-lymphocytes, as well as number of heat
shock proteins with molecular weight less than 30 kDa were iden-
tified in Sus scrofa aorta tissue. It was discovered that functional
proteins with molecular weight less than 30 kDa are retained dur-
ing the freezing process, but destroyed under the action of autolytic
enzymes. This work was supported by the Russian Science Founda-
tion (project No. 16-16-10073).

Introduction

To date, a variety of strategies for improvement the
functional and technological characteristics of meat and
meat products is developed, such as addition of various
functional compounds, and modification of animal meat
raw during the lifetime. Composition modification (fatty
acids modification technology, sodium chloride control),
introduction of functional elements and specialized addi-
tives (plant components (oils, extracts, fibers), soy protein,
natural and synthetic antioxidants, lactic acid bacteria, fish
oil, protein derivatives isolated from mammalian (in par-
ticular pigs and bovines) organs and tissues — biologically
active peptides) [5, 9] are successfully applied in the tech-
nology of specialized and functional meat products.

With the development of modern proteomic methods,
it has become possible to create proteomic maps with sub-
sequent identification of protein fractions corresponding
to one or more proteins with specific biological function.
It was also found that gene expression occurs on the basis
of tissue specificity [4] allowing consideration of animal
proteins not only as a source of plastic material, but also
as encoded amino acid sequences consisting of regulato-
ry and signal polypeptide fragments [8, 10]. A variety of
methods is used for accumulation of functional peptides
in raw meat including fermentation (using the starter cul-
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/151 HaKOIUIEHNA B MACHOM ChbIpbe (DYHKIIMOHA/IbHbIX IIell-
THIOB VICTIONB3YIOT Pas3/M4Hble METOMIBI, B TOM YNCIIe BKIIIO-
yarone QepMeHTanMoo (C MCIOMb30BAaHUEM CTAPTOBOI
Ky/IBTYpBI WKt epMeHTa), aBTO/IN3a WM HPSIMOTO THPO-
mm3a [5, 8-10]. OHAKO HEOHO3HAYHO CTOUT BOIPOC LieTie-
CO0OpasHOCTY HAIPAB/IEHHOTO IIPOTEO/IV3a B OTHOIIEHNN
TKaHeCTenIYHbIX OKOB yyKe HeCYLINX OMOMTOTMYeCKYI0
(GYHKIMIO ¥ CIIOCOOHBIX M30MPATENTbHO PacCIlIeIIATbCA
(hepMeHTaMM HKeTyOYHO-KUIIEYHOTO TPaKTa.

Panee aBTOpaMu ObUTH IPOBEIEHBI NCCIENOBAH Cep-
ment n aopt Bos taurus v Sus scrofa, KoTOpble IOKa3amn
HA/M4Me B HUX TKaHeCTIenMMUIHbIX OMOTOTUYECKN aK-
TYBHBIX BEIIEeCTB C MOJIEKY/ISIPHOI Maccoli B Mama3oHe
ot 100 o 10 x/la, BOBJIEYEHHBIX B IUMIMAHBIN 0OMEH, aH-
TMOKCUJJAHTHYIO 3aIIUTY U (QYHKIVMOHMPOBAHUE SHOTE-
JIMAJIBHOTO CJI0A COCYHOB [2, 3].

Ilenp0 HAHHOTO MCCIENOBAHUA SABJLUIOCH U3YUeHUe
BIAVMSHMS aBTOMUTUIECKUX MPOIIECCOB Ha COXPAHHOCTD
11e/IeBbIX OeIKOBBIX MOJIEKYI, COTEPKALINXCS B Cepred-
HOJI MBIIIIIE ¥ 20PTe CeTbCKOX035/ICTBEHHBIX >KMBOTHBIX
(cBunein u KPC).

Marepuanbl 1 METOMbI

O6bekTaMy MUCCIETOBAHNUS SABJISUIICh TKAHU Cepred-
HOJI MBIIIIIBI M AOPTHI Bos taurus n Sus scrofa, 3aMopo>xeH-
Hble 1Ipy MuHYyc 10°C Wiy mofgBeprHyThle aBTONMN3Y IpK
2+2°C B TeyeHMe 4 CyTOK.

OnHOMepHBIiT 971eKTpodope3 MPOBOANICA IO METORY
JIammmu [7] ¢ rpagnentom ITAAT 7,5-25% B npucyTcT-
Bum SDS. B xadecTBe cBUAETE e MCIIONMB30BANMN MapKep,
BKJIIOYAIOIIVII OffMHHAJLIATh CTAH[JAPTOB C MOJIEKYIIAp-
Ho¥ Maccoit 170, 130, 95, 72, 55, 43, 34, 26, 17 u 10 x/la
(Fermentas, CIITA).

[IBymepHbIit anekTpodopes (J9) nmpoBoamics mo me-
tony O’®appenna [11] ¢ msoanekrpodokycupoBaHuem
B amdonnuosoM (IEF-PAGE) rpagnente pH; nocnenyro-
IO e TEKLMIO 6€/IKOB IIPOBOAYIIN OKPAIIVBaHNEM a30T-
HOKJICIIBIM cepeOpoM, KaK oIncaHo paxee [1, 6].

Vpentndukanmio 6OemkoBelx ¢paknumit Ha 9 ocy-
LIeCTB/IAMN Mocye TpumcuHonusa Metogamu MALDI-TOF
MS u MS/MS macc-cnektpomeTpun Ha MALDI- Bpems-
nponetHoM Macc-criektpomerpe Ultraflex («Bruker», Tep-
MaHys1) ¢ Y®-nazepom (336 HM) B peXyMe IOTIOKATENb-
HBIX IOHOB B [1ana3oHe Macc 500-8000 [Ta ¢ kamb6poBKoit
VX HO U3BECTHBIM IIMKaM aBTO/MM3a TPUICMHA. AHamu3
HOJTy4eHHBIX MacC-CIIeKTPOB TPUITUYECKNX HENTHUIOB BbI-
HOJIHS/IN C TIOMOIIBI0 ITporpaMMbl Mascot, onuus Peptide
Fingerprint («Matrix Science», CIIIA), ¢ TO4HOCTBIO OIIpe-
menenusa Maccel MH+ pasnoit 0.01%, ocyiiecTBIIsAsa MOUCK
1o 6a3am jaHHbIX HanyoHampHOTO IieHTpa 6MOTeXHOIOTH -
yeckoit nupopmanyy CIIA (NCBI).

PesynpraTsl u nX 06cyKaeHne

IIpoBeneHHDBIVI CPaBHUTEIbHDIN IIPOTEOMHBIN aHAIN3
3aMOPOXKEHHBIX ¥ aBTOIM3UPOBAHHBIX 00Pa3I[0B TKaHel
cepgel; 1 aopt Bos taurus u Sus scrofa nokasa, 4To Haubo-
Jlee IHTEHCUBHOE IIPeJiCTaBJIeHNe TI0JIOC Ha 3eKTpodo-
perpamme 6610 0OTMeYeHO B guanasone ot 100 go 10 x/la.
OpHako B chIpbe, NOGBEPHYTOM aBTOJIN3Y, BBIABIEHO YBe-
NMYeHye pa3HOo0OpasusA ¥ MHTEHCUBHOCTY PpaKLMil 0CO-
6eHHO y aBTONM3MPOBAHHOII ceppiedHoit Mpinbl (Puc. 1).

ture or enzyme), autolysis or direct hydrolysis [5, 8-10].
However, a question of expediency of directed proteoly-
sis against tissue-specific proteins already possessing bio-
logical function and selectively cleaved by gastrointestinal
tract enzymes is ambiguous.

Previously, we have studied aortas and cardiac muscles
of Bos taurus and Sus scrofa and showed the presence of tis-
sue-specific biologically active substances with molecular
weight in the range of 10 to 100 kDa, which were involved
in lipid metabolism, antioxidant protection and function-
ing of vascular endothelial layer [2, 3].

The purpose of this study was to evaluate the effect of
autolytic processes on the preservation of target protein
molecules contained in heart and aorta of farm animals
(Bos taurus and Sus scrofa).

Materials and methods

Objects of the study were Bos taurus and Sus scrofa car-
diac muscle and aorta tissues frozen at minus 10 °C or sub-
jected to autolysis at 2 + 2°C for 4 days.

One-dimensional electrophoresis was performed ac-
cording to the method of Laemmli [7] in 7.5-25% poly-
acrylamide gel with the presence of SDS. The marker
was used comprising of eleven standards with molecular
weight of 170, 130, 95, 72, 55, 43, 34, 26, 17, and 10 kDa
(Fermentas, USA).

Two-dimensional electrophoresis was performed ac-
cording to the method of O’Farrell [11] with isoelectric fo-
cusing in ampholine pH gradient (IEF-PAGE). The subse-
quent detection of the proteins was carried out by staining
with silver nitrate as described previously [1, 6].

Identification of protein fractions was performed on DE
after trypsinolysis by MALDI-TOF/MS and MS/MS mass
spectrometry on Ultraflex MALDI-TOF mass spectrome-
ter (Bruker, Germany) with UV laser (336 nm) in the posi-
tive ion mode in molecular weight range of 500-8000 Da
with calibration according to known peaks of trypsin au-
tolysis. Analysis of obtained tryptic peptides mass spectra
was performed using Peptide Fingerprint option in Mascot
software (Matrix Science, USA) with MH+ mass determi-
nation accuracy of 0.01%; search was performed in data-
bases of the National Center for Biotechnology Informa-
tion, USA (NCBI).

Results and discussion

The comparative proteomic analysis of frozen and au-
tolyzed tissue samples of Bos taurus and Sus scrofa cardiac
muscle and aorta showed that the most intense bands on
the electrophoregram were observed in the range from
100 to 10 kDa. However, samples subjected to autolysis re-
vealed an increase in the diversity and intensity of factions
especially in autolyzed cardiac muscle (Figure 1).
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Mm, kDa | Figure 1. The results of electrophoretic analysis of proteins accord-
Mm, kfla ing to Laemmli; staining with silver nitrate. Legend: 1 — frozen Bos
170 taurus heart, 2 — Bos taurus heart (autolysis), 3 — frozen Sus scrofa
130 heart, 4 — Sus scrofa heart (autolysis), 5 — Sus scrofa aorta (autoly-
sis), 6 — Bos taurus aorta (autolysis)
95 Puc. 1. Pesynbrarsl a7eKTpoOpeTIdecKoro aHamisa 6enkos o JIsMMmL.
Oxpacka a30THOKJICTIBIM cepedpOM. Y CIOBHbIE 0003HaYeHIA: 1 — 3aMo-
72 poxxeHHoe cepatie Bos taurus, 2 — cepate Bos taurus (aBromms), 3 —
55 3aMOpOXKeHHoe ceppLie Sus scrofa, 4 — ceppue Sus scrofa (aBrommus),
5 — aopta Sus scrofa (aBronms), 6 — aopra Bos taurus (aBroms)
a3
34
26
17
10

Figure 2. The results of electrophoretic analysis of proteins according to O’Farrell method. A — Sus scrofa aorta, B— Bos taurus aorta
Puc. 2. PesynbraTsl anexrpodoperideckoro aHanusa 6enkos mo merogy O’@appenna. A — aopra Sus scrofa, b — aopra Bos taurus

Figure 3. The results of electrophoretic analysis of proteins according to O’Farrell method. A — Sus scrofa aorta (frozen), B — Sus scrofa aorta
(autolysis)

Puc. 3. PesynbraTsl anexrpodoperideckoro anaausa 6emxos no Meropy O’@appemna. A — aopra Sus scrofa (3amopoxenHas), b — aopra Sus
scrofa (aBromus)
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CTOUT OTMETHUTDb, YTO MAXKOPHBIE O€IKU CephedHBIX
MbIIIL Bos taurus n Sus scrofa, 0Ka3anmuch MpaKTUYECKN
onyHaKkoBbIMI. OTHAKO CYIeCTBEHHbIE MEXXBIJOBbIE OT-
nnans 6bUIM OOHAPY)KEHbI IPY CPAaBHEHUM IIPOTEOMHBIX
npodueit 06pasos aopThl. OCOOEHHO SIPKO OHU TIPOSIB-
JIATIMCh Ha IIpUMepe TKaHecrennpuaHbIX 6enKoB (puc. 2,
Tabm. 1): B TKaHM aOpTHI Sus scrofa 6bUIM OOHAPY>KEHBI
anonmmonpoTenH A-1 (13, 14), ydacTByromuit B o6paso-
BaHUV JIMIIONIPOTEVHOB BBICOKOJ IUIOTHOCTY, HMEPOKCH-
penokcuH-1 (10, B cMecu ¢ TPAHCTeMHOM), YJaCTBYIOMINIT
B TIOJIABIEHNN OKVICTUTEIBHOTO CTpecca, ranekTuH-1 (17),
MHAYLUpyoWuil anontos3 T-mMdonuTos, a Takxe psf
6€/IKOB TeNIOBOTO MIOKA, MMEOIINX MOIEKY/IAPHYIO Mac-
cy menee 30 x/la.

BrmsaHue aBTONMM3a Ha COXPAHHOCTD IIE/IEBBIX TKaHe-
crienpUIHBIX 6€KOB, 0OHAPY)KEHHBIX B TKAHAX aOPTHI
Sus scrofa, GBIIO TaK)Ke M3YYEHO METOJOM JIByMEPHOTO
anekrpodopesa no O’Pappemty (Puc. 3).

B pesynbrare mccnemoBaHMit OBUIO IIOKAa3aHO, 4TO
oOHapy)XeHHble TKaHecrenyduuuble Oenky (amonamio-
nportenH A-1, IepOKCHpenoKCHH 1, rajekTuH-1 n 6enkn

Major proteins of Bos taurus and Sus scrofa cardiac mus-
cle were almost identical. However, significant interspecies
differences were found when comparing the proteomic
profile of the aorta samples. Tissue-specific proteins were
identified in Sus scrofa aorta tissue (Figure 2, Table 1): apo-
lipoprotein A-1 (13, 14) involved in the formation of high-
density lipoproteins, peroxiredoxin-1 (10, in mixture with
transgelin) involved in the suppression of oxidative stress,
galectin-1 (17) induced apoptosis of T-lymphocytes, as well
as a number of heat shock proteins with molecular weight
less than 30 kDa.

Autolysis effect on target tissue-specific proteins
detected in Sus scrofa aorta tissues was also studied by
two-dimensional electrophoresis according to O’Farrell
(Figure 3).

It was shown that the detected tissue-specific pro-
teins (apolipoprotein A-1, peroxiredoxin 1, galectin-1 and

Table 1. The results of mass spectrometric identification (MALDI-TOF/MS and MS/MS) of protein fractions in Sus scrofa aorta tissue
Ta6m. 1. Pesynbrarsl Macc-ciekTpomeTpudeckoit upeHtudukammu (MALDI-TOF MS u MS / MS) 6enkoBpix (ppaximii U3 TKAaHU A0PTHI

Sus scrofa
No. | mM/pl mM/pl
: Protein name; (Gene symbol) | HaumeHoBanne 6enka; (cumeon zena) S/M/C* | (experiment)** || (calculation)** |
Ne *o% *%
Mwm/pI (3kcm. )™ | Mm/pl (pacuer.)

Fragment of type II cytoskeletal keratin 1 (KRT1) |

1 ®parmenT nurockenersoro 1 xeparuna Il runa (KRT1) 74/9/17 55.0/8.10 65.9/8.16
Actin-related protein 3 (ACTR3) |

= AxTHH-CcBs13aHHBI 6e0K 3, actin-related protein 3 (ACTR3) 174/15/43 47.0/5.60 47.4/5.61
Fragment of type II cytoskeletal keratin 1 (KRT1I) |

3 ®parment nurockenernoro 1 keparuua Il tuma, (KRTI) S9/7115 48.0/5.55 65.9/8.16
X1 isoform of integrin-linked kinase (ILK) |

4 VnTerpun-cBA3aHHaA NpoTeMHKIHA3a u3odopma X1, (ILK) A SRLEHLY SLtel

5 |X2 isoform of p-enolase (ENO3) | p-enonasa usopopma X2, (ENO3) 259/25/64 47.0/8.05 47.1/8.05

6 | X1 isoform of prolargin (PRELP) | Ilponaprun usogopma X1, (PRELP) 73/2/5 63.0/7.95 43.7/9.53
X1 isoform of poly-(ADP-ribose)-polymerase 6 (PKM) |

7 Ionu (AJ®-pu6030)-nonmumepasa 6 uzopopma X1, (PKM) 161/17/38 58.0/8.10 57.8/7.96
Protein 1 containing 4 % LIM domain, isoform C, isoform X5 (FHLIC) |
Bernox 1 comepxanuii 4 %2 LIM fomena, uzopopmsi C usodopma X5, (FHLIC) ] CRAVERL) e
Transgelin (TAGLN) | Tpaucremun, (TAGLN) 327/32/86 22.0/8.40 22.6/8.87

10 Mixture transgelin (TAGLN) and X5 isoform of peroxiredoxin 1 (PRDX1) | 283/31/82 22.0/8.20 22.6/8.87
Cmecs Tpancremusa, (TAGLN), u nepoxcupenokcusa 1 usopopma X5, (PRDX1) | 106/11/52 o 21.9/8.67

11 |Albumin (1) (ALB) | Ans6ymus (1), (ALB) 168/8/16 250.0/6.80 69.3/5.92

13 | Pre-apolipoprotein A-1 (APOA1) | Ilpe-anomunponpotent A-1, (APOA1) | 177/19/51 25.0/5.00 30.0/5.47

14 | Apolipoprotein A-1 (APOA1I) | Anommnponporenx A-1 (APOAI) 152/15/46 25.0/4.95 30.3/5.38
Peptidyl-prolyl cis-trans isomerase B (LOC100154783) |

= IenTumm-nponun nuc-rpanc usomepasa B (LOC100154783) 220/11/33 18.0/9.20 23.9/9.44

16 |Calponin-1(CNNI) | Kanpnonun-1 (CNNI1) 212/21/49 28.0/8.95 33.2/8.91

17 | Galectin-1 (GLN1) | TanexktuH-1 (GLN1) 178/8/50 14.5/4.85 14.6/5.07

18 |S100-A13 protein (S100A13)**** | Berok $100-A13 (S100A 13)*** 77/1/17 11.0/5.00 11.0/5.46

* §/M/C — traditional identification indicators adopted in the English literature: Score — indicator of conformity or «scorecard»; Match
peptides — the number of matched peptides; Coverage — % coverage of the entire amino acid sequence of the protein by identified peptides.
** mM/pl (experiment) — scores obtained as a result of electrophoretic mobility on the DE and mM/pI (calculation) — estimates made based
on amino acid sequence data with consideration of signal peptide removal, but with no consideration of other post-synthetic modifications

using the ExPASy Compute pI/Mw tool software.

* §/M/C — TpapuIioHHbIe MOKa3aTeny NAeHTU(UKAIN, IPUHATbIE B AHIIOA3BIYHOI TNTepaType: Score — IMOKa3aTelb COOTBETCTBISA VN
«c4eT 04K0B»; Match peptides — konndyecrBo coBnaBumx nentunos; Coverage — % IMOKPBITIS IOTHONM AMITHOKVICTIOTHOJ IIOCTIE0BATEIbHO-

cTH 0€elKa BbIABIEHHBIMU nenTmumpamMmmn.

** Mm/pl (9KCI.) — IOTyYeHHbIe OL[EHKH 10 pe3yabTaTaM 37MeKTpodopeTnyecKoil NOoxBILKHOCTY Ha 19, a Mm/pl (pacyer.) — pacyeTHbIe
OILIEHKU, CAle/TaHHbIE M3 JAHHBIX 00 AMITHOKVICTTOTHOII IIOC/IeA0BATETBHOCTH C YI€TOM YJa/IeHUsI CUTHAIBHOTO MENTHAA, HO 6e3 yuyera Jpyrux
MOCTCMHTETUYECKIX MOAM(PUKAINII ¢ Mcnonb3oBaHueM nporpammsl ExPASy Compute pI/Mw tool.
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TEIJIOBOTO II0Ka), HOABEPITINCH NPOTEONN3y B IpoIecce
4-x cyrouHoro aBromusa (Puc. 3).

BriBopgbI

ITokasaHo, 4TO TKaHU ceppell U aopT Sus scrofa u Bos
faurus XapaKTepU3YIOTCA BBICOKOM TKaHEBOI CIIELN-
¢udHOCTPIO, TIpyyYeM HambonmblIas —CrHenupUIHOCTD
obOHapy)XeHa B TKaHAX aopThl Sus scrofa. beino omperne-
JIEHO, YTO aBTONUTUYECKNE IIPOLECChl MPUBOAAT K yBe-
NWYEHNI0 Pa3HOOOpasusi U MHTEHCUBHOCTU OETKOBBIX
U TIENITU/HBIX PpaKLMil 0COOEHHO y aBTONMM3MPOBAHHOI
ceprievHolt MbIIbl Bos taurus. Takyke ObITO BBISBIEHO
HEraTVBHOE BO3JEICTBME aBTOMUTUYECKUX (EepMEHTOB
Ha QYHKIVIOHA/IbHbIE TKaHecHelM(pUIHbIe OMOTOTMYeCcKN
aKTVBHbIe Oe/IKOBbIE BeIleCTBa C MOJIEKY/ISIPHOI Maccoil
meHee 30 x/la. Takum o6pasom, TKaHM AOpTHI Sus scrofa
KaK (PYHKI[VOHA/IbHBIN MHIPEAVEHT 11e7IeCO00pasHo Ipu-
MEHSATDb B HATUBHOM WJIN 3aMOPOXXEHHOM BIJIe [JIsI COXpa-
HEHMA IPUPOJHBIX AKTYBHBIX KOMIIOHEHTOB.
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heat shock proteins) underwent proteolysis during 4-day
autolysis (Figure 3).

Conclusions

It was demonstrated that Bos taurus and Sus scrofa car-
diac muscle and aorta tissues are characterized by high tis-
sue specificity with the highest tissue specificity detected in
Sus scrofa aorta. It was determined that autolytic processes
result in increase of diversity and intensity of protein and
peptide fractions especially in autolyzed Bos taurus cardiac
muscle. Furthermore, negative effects of autolytic enzymes
on functional tissue-specific protein bioactive substances
with molecular weight less than 30 kDa were also found.
Thus, for preservation of natural active ingredients, the use
of Sus scrofa aorta tissues as a functional ingredient is ad-
visable in native or frozen form.
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CHARACTERISTICS OF STRUCTURE FORMATION
IN COOKED SAUSAGE PRODUCTS USING

SONOCHEMICAL TECHNOLOGIES

OCOBEHHOCTV ®OPMIPOBAHWS
CTPYKTYPbI BAPEHBIX KOJIBACHbBIX U3TE/INN
ITPU VICITIO/Ib30OBAHMM COHOXMMMUYECKIMX TEXHO/JIOTUN

Yevtushenko A.M., Krasulya O.N., Krasheninnikova I.G.
The Razumovsky’s Moscow State University of Technologies and Management, Moscow, Russia

KmroueBble cmoBa: kasumauus, paccon, eapeHas Konbaca,
dopmuposarue cmpyKmypol, 6A3KOCHb, SHEP2US AKMUBAUUU
8513K020 Me4eHUsl, KOHCMAHMA 60CCMAHOBTIEHUST CIMPYKMYPbl,
Mensioma U IHMPONUs AaKMuBayul 653K020 MeveHus, penaxca-
UUS HANPSHCEHUT.

Annomauus

B pabome uccnedosarvr ocobeHHocmu GopmMuposaHus cmpyx-
mypoL KonbacHvix usdenuil 6 npovecce éapxu. Ilokasano, umo
8A3KOCMb KONOACHO20 Papuia USMeHAEIMCS CTIOHHBIM 00pa3om
u umeem mpu xapaxkmepuvle obnacmu. Haildenot xapaxmepu-
cmuveckue napamempul, onpedensioujue GopMuUposanue cmpyx-
mypui KonbacHbIX U3denuii 0158 Kaxooi obnacmu. Yemanosnero,
YUMo UCNOML3068aHUE KABUMAUUOHHO 006pabOmManHoz0 paccona
npudaem KOHeUHOMY NPOOYKIMY HENHYI0 KOHCUCHEHUUIO, d7a-
CMUMHOCMY U APKO BbIPAINEHHDIL BKYC, 4o Oenaem e2o0 boree
npeono4umumentvHoim 0715 HompeOumens.

BBenenue

OO6111ast KOHIIENIVsI IPeBPAI[eHNIT XUMUIECKIX KOM-
MOHEHTOB IMIIEBBIX CUCTEM B TEXHOTOIMYECKOM ITOTOKE
6a3upyeTcs Ha 3HAHUM UX COCTABa, CTPYKTYPBbI, CBOJICTB,
a Tak)Ke Ha TEOPUM O MHOXXECTBEHHOCTY U HEOJZHO3HAU-
HOCTM XMMMYECKVX IpeBpalleHNil, MPOTEKAINX IIOf
B/IVSIHVEM PasiINYIHbIX GakTopoB (Ppusnyecknx, Xummde-
CKMX, TEXHOJIIOTMYECKUX U T.71.). VccrnenoBauna BIMAHMA
0COOEHHOCTel CTPOEHNs] KOMIIOHEHTOB, X B3aMMOfeil-
CTBUE MEXIY coborit, XapaKTep BO3HUKAOIINX CBA3EL,
MeXaHM3Mbl O00pa3OBaHMA YCTOVYMBBLIX COENVHEHMIL,
KOMIIJIEKCOB 1 YMeHI€ YIIPAB/IATh STUMM IIPoLjeccaMy —
OfIHO 3 Haubo/lee BaXKHBIX HAIPAaBJIEHWII COBPEMEHHOI
NNIIEBON TEXHOIOTHUA.

JlokasaHo, YTO MCIIONb30BAHME COHOXMMUYECKO 06-
PpaboOTKM paccosa mpyu MpoK3BOACTBE KOMOACHBIX U3JIeTINII
[I03BOJISIET YIYYIINTD UX KadecTBo [1]. OpHako MexaHmn3M
B/IVISTHMS SKUAKVX INIIEBBIX cpef (paccona), obpaboraH-
HBIX B KaBUTALMOHHOM peakTope, Ha (pOopMMpOBaHIE
CTPYKTYPbI TOTOBBIX M3/Ie/INIL IPY Bapke KOMOACHBIX (ap-
IIeil paHee He U3YJasICH.

B pabote mccnenoBany MeXaHU3M BVMSHUS Paccora,
HO/IBEPTHYTOTO KaBUTAIIOHHOI 00paboTKe, Ha CTPYK-
TYpPHO-MeXaHNMYecK1e CBOJCTBAa (BA3KOCTb) KOMOACHBIX
M3[IeINIl B TIPOLjecCe BapKIL.

MaTepmam,I " ME€TObI

Il mpoBeneHMs MCCIENOBaHNs ObIIM VI3TOTOBJ/ICHBI
OIIBITHbIE 00pa3lbl KONMOACHBIX (haplleil, perenTypa Ko-
TOPBIX IIpMBefieHa B Tabmme 1.
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Keywords: cavitation, brine, cooked sausage, formation of struc-
ture, viscosity, energy of viscous flow activation, constant for
restoring of the structure, heat and entropy of viscous flow activa-
tion, stress relaxation.

Abstract

This paper studies the features of formation of sausage product
structure in the process of cooking. It is shown that the viscosity
of sausage meat varies in a complex manner and has three
characteristic areas. The characteristic parameters that deter-
mine the formation of the structure of sausages for each area were
found. It is established that the use of the cavitation brine gives the
finished product a gentle consistence, elasticity and distinct taste
that makes it more preferable for the consumer.

Introduction

The general concept of transformations in chemical
components of food systems in the technological flow is
based on the knowledge of their composition, structure
and properties, as well as the theory of the multiple and
complex chemical transformations occurring under the
influence of different factors (physical, chemical, tech-
nological and others). Studies on the peculiarities of the
component structure, their interactions with each other,
the character of emerging bonds, the mechanisms of de-
velopment of stable compounds and complexes, the ability
to manage these processes are among the most important
directions of the modern food technologies.

The use of sonochemical processing of brine in the pro-
duction of sausage products is proved to offer the possibil-
ity to improve their quality [1]. However, the mechanism
of the effect of liquid food media (brine) treated in a cav-
itation reactor on the formation of structure of finished
products during the cooking of sausage meat has not been
previously studied.

The authors studied the mechanism of the effect of
brine subjected to the cavitation treatment on structural
and mechanical properties (viscosity) of the sausage prod-
ucts during cooking process.

Materials and methods

To conduct the study, the test samples of sausage
meat were manufactured, which formulation is given in
Table 1.
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Table 1. Formulation of sausage meat samples
Ta6m. 1. Penenitypa 06pasioB Kon6acHbIX ¢apuieit

Raw materials and ingredients | Coipbe u unrpesuentst | Control sample, % | Konutponsusiii, % Test sample, % | OubrTHbIIT, %
1st grade beef | ToBsanna 1 copra 20,0 20,0
Semifat pork meat | CBunuHa nonyxupHas 60,0 60,0
Mechanically deboned poultry meat |

. 15,0 15,0
Msico NTHIIBI MeXaHUYIeCKOIT 00BAIKN
Skim milk powder | Monoko cyxoe o6e3xupeHHoe 3,0 3,0
Eggs | flituo 2,0 2,0
Technological water | Boga TexHonornyeckast 24,0 —
Salt | Conbp moBapeHnHast 2,0 —
Brine | Paccon — 26,0
Complex food additive «Doktorskaya» |

0,8 0,8

Kommnekcnas fo6aska «JJokTopckas»

B KoHTpoO/NbHOM 006pasije BOLOIPOBOLHYIO BOAY HO-
6aB/IAMM BMeCTe C ITOBApPEHHOJ CONbI0 Ha IEPBOM 3Ta-
e KyTTepoBaHMs (IIOC/Ie BHECEHMS B KYTTep TOBSAAVHBI
1 copra).

KommekcHyo mnuimesylo po6aBky «loKTopckas»
(mpomssBogutens — OOO «Kosrekuus BKycoB»), uMe-
IOLIYI0 B CBOeM cocTaBe ocdarel, IIyTaMaT HaTpus,
spuTOpOAT HATPUA, HATYPAIbHBII KPacUTeNb, 9KCTPaK-
TBI CIIEIVII TaK)Ke BHOCKU/IV Ha IIEPBOM 9Talle KyTTepo-
BaHUA.

B omnbiTHOM 06pasiie MCIIONb30BAIN PACCOI, KOTOPDII
TOTOBIWIM B COOTHOIIeHUM 1:12 (moBapeHHast COMb:BOJIA).
Paccon o6pabarsiBany B KaBUTALIIOHHOM peaKTOpe TUIIA
«PKY» ¢ mpesokepaMmyeckuM ImpeobpasoBaresieM, Ipo-
M3BOAMUTENBHOCTDIO 5 JI/MUH U BBOJV/IY Ha IIEPBOM 9Talle
KyTTepOBaHMA. AJTOPUTM BHECEHNUSA KOMIUIEKCHOI M-
I[eBOJI J0OABKI OCTAJICA MPEKHUM.

/13 o6pasnoB ¢apura oTéupam Npoosl B KIOBETY BU-
6posuckosumerpa «SV-100» (dpupmsr A&D Co. LTD,
SInoHus), AMama3soH M3MepeHMs BA3KOCTY BapbUPYeTCH
ot 1 o 100 ITa-c. Ha gannom mpubope mccmenoBamu Ki-
HETUKY IpoIlecca U3MeHeHNs TeMIepaTyphl I BA3KOCTH.
[TonyueHHBle pe3ynbTaTbl (UKCUPOBAINCH HA JVICIUIEE
KOMIIBIOTEpPa B pea/ibHOM BPeMeHM U B Jla/IbHeileM 00-
pabarbIBaICh ¢ IOMOLIbIO IporpaMmbl Excel.

Bei6op BubpoBuckosumerpa «SV-100» 6611 00ycnos-
JIeH TeM, YTO M3MepeHNe BA3KOCTU Ha HeM, B OT/INYNE OT
POTAIVIOHHBIX BUCKO3MIMETPOB, He IPUBOANUT K pas3pylile-
HUI0 GOPMUPYIOLECA CTPYKTYPBI.

PesynbpraTsl 1 NX 06Cy>KaeHMe

VI3 maHHBIX KMHETUKM IIPOLjecca MU3MEeHEeHNs BASKOCTI
U TEMIIEPATYPBI IIPY TEPMUUECKOI 00paboTKe, IpeCTaB-
JICHHBIX Ha PUCYHKe 1, BUIHO, YTO CIBUIOBbIE XapaKTe-
pUCTHKM KonbacHOro ¢apiua IpeTepIiesiu CIOXKHbIEe U3-
MeHeHVs U 00pa3oBa/iCh TPM XapaKTepHble 00/1acTy Ha
peorpammax TedeHus (puc. 1). IlpudeMm mx mpoTsDKeH-
HOCTb /11 KOHTPOJIBHOTO ¥ OIBITHOIO 0Opaslia He COB-
Hajaer.

ITepBas obmactp (la, 2a, puc. 1) cBsi3aHa C yBenude-
HYEM BSI3KOCTYM TIPM IPAKTUYECKV HOCTOSHHON TeMIe-
parype. Takoe mOBefeHe, IIO-BUAMMOMY, OOBSICHSIETCS
BOCCTaHOBJ/ICHIEM CTPYKTYPbI KombacHoro ¢apura mocre
eé paspylIeHys Py KYTTePOBAHUY ¥ BHECEHNN B KIOBe-
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In the control sample, tap water was added together
with sodium chloride at the first step of cutting (after add-
ing 1st grade beef to cutter).

Complex food additive «Doktorskaya» (produced by
Kollektsiya Vkusov LLC) containing phosphate, mono-
sodium glutamate, sodium erythorbate, natural coloring,
and spice extracts in its composition also was added at the
first stage of cutting.

Brine prepared with a ratio of 1:12 (salt:water) was used
in the test sample. Brine was treated in the cavitation re-
actor of «<RKU» type with a piezoceramic transducer and
the capacity was 5 L/min. According to formulation, it was
added at the 1st stage of cutting. Algorithm for addition of
complex food additive remained unchanged.

The samples of minced meats were taken into the cuvette
of vibro viscosimeter «SV-100» (manufactured by A&D Co.
LTD, Japan), whose measurement limits range from 1 to
100 Pa-s. Using this instrument, the kinetics of changes in
temperature and viscosity was investigated. The results ob-
tained were registered on a computer display in a real-time
mode and subsequently were processed using Excel software.

The vibro viscosimeter «SV-100» was chosen because
the viscosity measurement using it does not lead to the
destruction of the forming structure as opposed to rotary
viscometer.

Results and discussion

The data on the kinetics of the viscosity and tempera-
ture changes upon thermal treatment presented in Figure 1
show that the shearing characteristics of the sausage meat
underwent complex changes and three characteristic areas
were formed (figure 1). Moreover, their sizes for control
and test samples do not match.

The first area (1a, 2a, figure 1) is associated with an in-
crease in viscosity at a substantially constant temperature.
Such a behavior seems to be explained by the restoring of
the structure of sausage meat after its destruction during
chopping and transferring into the cuvette of vibro visco-



THEORY AND PRACTICE OF MEAT PROCESSING N°2 | 2016

TC Viscosity, PAs | Baskoctb, Ma-c
100 100
90 / 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
0 0
0 1000 2000 3000

The processing time for the sausage meat, in seconds | MpogomkuTenbHocTb 06paboTkM KonbacHoro dpaplua, cek.

=== 1" The temperature change for a control sample |

M3meHeHue TemnepaTypbl 419 KOHTPOAbHOro obpasua

2 The change in viscosity of a test sample |
M3meHeHue BA3KOCTM A5 onbITHOro obpasua

1 The change in viscosity for control sample |
M3meHeHWe BA3KOCTU A1 KOHTPOIbHOTO 06pasLa

= 2" The temperature change for a control sample |

M3meHeHwue TemnepaTtypbl 415 KOHTPO/IbHOMO 06pasua

Figure 1. Kinetics of changes in viscosity and temperature of sausage meat samples during heat treatment
Puc. 1. Knnernka n3MeHeHus BASKOCTH ¥ TeMIlepaTypsl B o0pasiax kombacHoro dapiua npu TepMoodpadorke

Ty BI/I6pOBI/ICKOSI/IMeTpa. KuHeTnka nameHeHus BA3KOCTHU
B 9TOM C/1y4dae MOXKET ObITH OmMcaHa YpaBHEHNEM BIa:

n=n+Mm,-n)e*s (1)

T/ie 1, 1|, — 3HAYeHMs BASKOCTY B HAa4Ya/bHBI MOMEHT BPEMEHM
U TIPY JOCTIDKEHUM MaKCUMyMa B IIepBOit 06acTu mporjecca
ITa-c; k — KOHCTaHTa, XapaKTepy3yIolas IPOLecC BOCCTAHOB-
JIEHVISI CTPYKTYPBI CeK’; T — BpeMs TepMOOOPabOTK, CeK.

MeTogamyu HETMHENTHOTO PErpecCHOHHOTO aHaIN-
3a [2] 6bpUIM OompepeneHbl KOHCTAHTHI ypaBHeHus (1) s
KOHTPOJIBHOTO 1 OIIBITHOTO 00pas1ioB KonbacHoro dapiia
(Tabm. 2).

KoncranTa (k) mporecca BoccTaHOBIeHNA CTPYKTYPBI
(tadn. 2) mst KombacHoro dapiia, ComepKaliero KaBuTa-
I[MIOHHO 06pabOTaHHBIIl PACCOTI, OKA3bIBAETCSI HECKOIBKO
MeHblIle, YeM Y KOHTPO/IbHOro obpasua. Ha Haur B3riag,
3TO sIBJIEHME MOXKET OBITh CBA3aHO C YBelIUYeHMEM O0b-
eMa 1 CTeleHN CTPYKTYPUPOBAHHOCTU THAPATHOI 060-

simeter. In this case, the kinetics of viscosity changes can
be described by the following equation:

n=n+,-n)e*s (1)

where n,, n, — viscosity values at the initial time and when
reaching a maximum in the first area of the process Pa's; k —
constant characterizing the process of structure restoring s’
T — time, in seconds.

Using nonlinear regression analysis methods [2] the
constants of equation (1) for control and experimental
samples of sausage meat were determined (table 2).

The constant (k) of the structure restoring process
(table 2) for the sausage meat containing a cavitation-
treated brine is somewhat less than the constant for con-
trol sample. In our opinion, this phenomenon may be due
to the increase in the volume and degree of structuring
in the hydration shell of protein macromolecules of test
sample [3], which complicate the process of the structure

Table 2. Kinetic constants of structure restoring process for sausage meat samples
Ta6m. 2. Kunermdyeckue KOHCTAHTBI IPOILECCa BOCCTAHOBIEHMSI CTPYKTYPbI 00pa3oB KomdacHoro ¢apma

Constants | KoncranTs Control sample | KonrponpHsrit Test sample | OnbrTHBIIT
n, lla-9/n,, Pa-s 41,34 52,01
n,, lla-Y/n,, Pa-s 57,21 69,98
k, c'/k, s 0,00440 0,00403
r’ 0,9998 0,9999
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JIOYKY O€IKOBBIX MaKPOMOJIEKY/ y OIIBITHOTO 00pas-
1a [3], koTopble 3aTPYAHSAIT IPOLECC BOCCTAHOBJIEHIS
cTpyKTyphl. KpoMe 3TOTO0, TEeMIIepaTypa BOCCTAaHOBJIEHIS
CTPYKTYPBI KOZIOACHOTO (paplira OIbITHOrO 00pasiia HIDKe,
4eM y KOHTPOJBbHOrO (cM. pumc. 1), 94TO TakKe CHMXa-
eT CKOPOCTb U YBeJIMYMBAET BpeMs CTPYKTYPUPOBAHIS
MUIEBOI CUCTEMBI.

Bropas o6macts (puc. 1, 1b, 2b), cBA3anHas ¢ ymeHb-
IIeHNeM II0Ka3aTes BA3KOCTI, 00yC/IOB/IeHa paspylieHN-
eM CTPYKTYPBI IpM TEPMUYECKOM BO3fieiicTBIN. VI3MeHe-
HI€ BSI3KOCTY B 9TOM C/Ty4ae OINpefie/isieTCsl M3MeHEeHeM
cBob6ozHOI sHepruy akTuBaym -AG, (k/KMomb) BA3-
KOTO Te4eHMsI, KOTOPYI0 MOXXHO OIIpeNe/INTh U3 ypaBHe-
Hus Opexens-diipunra (2) [4].

-AG,

n:AO'eR.T, (2)
re Ay — TOCTOSHHBIN KoaddureHt, Ila-c, R = 8,3144 [Ix/
(monb - °K) — yHUBepcabHas rasoBas HOCTOsiHHas; T —

TeMieparypa, °K;

Benmmyuna AG,, B CBOIO OYepeb, 3aBUCUT OT TEM/IOTHI
(AH,) n suTponuu (AS,) akTuBalum BASKOTO Tedenus [4]:

-AH,  -AS, -AH,

n=A,ef et =A"erT,

(©)

roe: -AS

B

A=A e’,

(4)

CrefioBaTe/IbHO, BENYNHA, PACCYMTAHHASA 110 TAHT€H-
Cy yI/Ia HaKJIOHa jiorapudma Bs3KOCTI OT 0OpATHOII TeM-
neparypsl Inn~f(1/T), ABIAeTCA TEIUIOTON aKTUBALUN
tedeHus. [/ HaXOXKeHNs SHTPOIINY U CBOOOIHOII SHEp-
TUV aKTVBALUY BA3KOTO TeYEHMS, IPEX/Ie BCEro CIeyeT
OIIpefie/IUTb BeIMYMHY IIOCTOSHHOTO KoaddurimeHTa A,
4TO 3aTPYAHUTE/IBHO.

B pmamasone temnepatyp ot 20 o 30 °C gy KOHTp-
onbHOTO 1 0T 15 710 25 °C 1151 o1IBITHOTO 06pa3LoB (puc. 1,
o6mactp 1b, 2b) 3aBucumocts Inn ~f(1/T) He nuHeitHa,
YTO 3aTPYAHAET SKCTPAIOJALVIO KPMBBIX K 3HAYECHNIO
T* = 0, HeoOXoUMYIO J1s pacueTa A, [4].

OmpepeneHne sHepruii aKTUBALMM B 3aBUCHMOCTU
OT TeMIIepPaTypbl IIO3BOIAET CYAUTb O HMPOMCXOAAIINX
CTPYKTYPHBIX U3MeHEeHMSIX B KojibacHOM ¢apiire, BbIpabdo-
TaHHOM I10 TPAJAMI[IOHHOJI TEXHOJIOTUY 1 C IPUMEHEHeM
KaBUTALMOHHO 00pabOTaHHOTO paccona.

B mocnenHee BpeMs 3TOMY HaIpaB/IEHUIO MCCIE0Ba-
HUII yie/isieTCsl 3HaYMTeNbHOE BHUMaHMe [3-6].

Pacuer 3HayeHmi® moxasareneil cBOOOLHOI SHEPTUN,
TEIUIOTHI VM SHTPOIMM AKTUBALMU TEYeHUsd, IpUBEIeH
HIDKe.

[lns BASKux cucteM KonbacHbIX ¢apiieit B ob6mactu
temneparyp (1b, 2b) saBucumocts Inn ~ f(T") He nune-
Ha (puc. 2).

Ji3MeHeHMe BA3KOCTM CHUCTEMbI B 3aBUCHMOCTM OT
TeMIIepaTypbl MOXeT OBITb OIMCAHO 3SMINPUYECKUM
ypaBHeHueM Anena-®oxkca [4]:

K

X, 5)
e B, K1 m — nocrosiHHble KO3 @UIMeHTb], 3Ha4eHUsA KOTO-
PBIX MOXXHO OIIPEleINTD, MICIIONb3ysl METOMbI M3/I0XKEHHBIE
B [2, 7], mpudem 06a MeTOa HAIOT AHA/IOTMYHBIE PE3Y/IBTATHL.

Inn=B+
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restoring. In addition, the temperature of the structure re-
storing for sausage meat test sample is lower than for con-
trol sample (figure 1), and that also reduces the speed and
increases the structuring time of the food system.

The second area (1b, 2b), associated with a decrease in
viscosity index is due to the destruction of the structure
during thermal exposure. In this case, changes in viscos-
ity are determined by the change in free energy of viscous
flow activation -AG,_(kJ/kmole), which can be determined
from the equation of Frenkel-Eyring (2) [4]:

-AG,

n :Ao'e RT

(2)

where A, = constant coefficient, Pa's; R = 8.3144 J/(mole-°’K) —
the universal gas constant; T — temperature, °K).

The value AG,, in turn, depends on the heat (AH,) and
entropy (AS,) of viscous flow activation [4]:

~AH,
', RT
A'e RT)

-AH, .,
.pRT., R
o € (4

-AS

n=A = )

where: AS

A=A eF, (4)

Therefore, the value calculated from the tangent of
slope angle of the viscosity logarithm from the inverse
temperature Inn ~ f(1/7) is the heat of viscous flow activa-
tion. To find the entropy and free energy of viscous flow
activation, first we must determine the value of A,, which
is difficult.

In the temperature range 20 to 30 °C for control sample
and 15 to 25 °C for test sample (Figure 1, area 1b, 2b) the
dependence of Inn ~ f(1/T) is not linear, which makes it dif-
ficult to extrapolate the curves to the value of T = 0 that is
necessary for calculating A, [4].

Determination of activation energies depending on
temperature gives an indication of ongoing structural
changes in sausage meat produced following the tradition-
al technology and using the cavitation-treated brine.

In recent years, this line of research has received con-
siderable attention [3-6].

The calculation of the parameters of the free energy,
heat and entropy of viscous flow activation is shown below.

For viscous sausage meat systems in temperature area
(1b, 2b) dependence of Inn ~ f(T") is nonlinear (fig. 2).

Changing the viscosity of the system depending on
temperature can be described by the empirical Allen-Fox
equation [4]:

K

X, )

where B, K and m — constant coefficients, which values can be
determined using the methods described in [2, 7] and both
methods give similar results.

Inn=B+

The results of calculations of constant values for
Allen-Fox equation are presented in Table. 3. Substituting
the calculated values B, m and K in the equation (5) al-
lows to calculate the viscosity indices of the food system
at temperatures in the area (1b, 2b) with a high degree of
approximation (r?).

The above algorithm allows to calculate the values of
the viscosity as a function of temperature and to extrapo-
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Inn Inn
4.00 1 425
3.90
3.80
4 4.20
3.70
3.60
3.50 415 1
0.0033 0.0034 0.0035 T’

Figure 2. The viscosity changes depending on the temperature of the sausage meat samples during thermal treatment: 1 — control sample;

2 — test sample

Puc. 2 — 3aBUCUMOCTD M3MEHEHNUS BSASKOCTY OT TeMIIepaTypbl B 00pasiiax KonbacHoro papiia mpu tepMoobpadoTke: 1 — KOHTPOJIBHBII;

2 — OIIBITHBIN

PesynbraThl pac4yeTOB 3HaYEHUIT KOHCTAHT yPaBHEHUA
Anena-®oxca npencrasiens! B Tabmuie 3. [TogcranoBka
paccunTanHblX 3HaueHuit B, m u K B ypaBuenne (5) mo-
3BOJIAET BBIYMC/IUTD ITOKA3aTeMV BA3KOCTY IMIIEBON CH-
cTeMbl IpU TeMneparypax B obmactu (1b, 2b) ¢ Beicokoit
CTeIeHbIo annpoxcumaruy (r?).

V3710KeHHBII BBIILE AJITOPUTM IIO3BOJIAET PACCUUTATDh
3Ha4YeHMs [TOKa3aTesIell BASKOCTI B 3aBMCYMOCTI OT TeM-
HepaTypbl M 3KCTPANONNPOBATH IOTyYeHHbBIE SKCIEPH-
MeHTa/bHble 3a BucuMocTy Bupa Inn~f(T7). Ilpu arom,
O4YeBMNIHO, uTO Inn _,..= B. CnefosarenbHo, koadduument
B paBen norapudmy mpesKCIOHEHINATbHOTO MHOXKITE-
nalnA

B=Inn,  _=1InA, (6)

3Hag 3HayeHMA IIOKasaTess AO, MO>XHO PacCUMTaTh
AG,, AH, n AS,.
Terora akTUBaNVy BA3KOIO TEYEHNMSI pacCINTHIBACT-
cs1 o popmyre:
dlnn  AH

=—2F (7)
d(T') R
OTKYyJa:
dlnn
Ry = AH,, ®)

CBo6OfHasI 9HEPTUsl ¥ SHTPOMMSI AKTUBAL[UYU BA3KOTO
TeYeHNA MOTYT OBITh BBIUMCIIEHBI IO popmynam 9, 10 [4]:

Inn - InA
Sl i} 9)
T—l

Table 3. The values of the constants of Allen-Fox equation
Ta6n. 3. 3HaueHMs KOHCTAHT ypaBHeHuA AteHa - ®okca

R = AGB,

late experimental dependencies of Inn~ f(T"). Moreover,
it is obvious that Inn__,..=B. Consequently, B coefficient is
equal to the logarithm of the preexponential factor InA

(6)

Knowing the parameters A, we can calculate AG, AH,
and AS,,.

Heat of viscous flow activation is calculated by the fol-
lowing equation:

B= lnr]bm = lnAO,

dlnn _ AH, %
d(T™) R
from where:
dlnn AH
R'—d(T*I) = B (8)

Free energy and entropy of viscous flow activation can
be calculated by the following equations 9, 10 [4]:

Inn - InA
.—n O — AG.»
T! B

AH, - AG, _
T

According to equations (8), (9), and (10) the values of
AG,, AH,, AS, for sausage meat were calculated depending
on the temperature (figure 3, 4).

For the control sample, the heat of viscous flow activa-
tion dramatically decreases with the increase of tempera-
ture, and for test sample, it substantially does not change

R 9)

AS,

B

(10)

Samples | O6pasupI B K m r
Control sample | KonTponpHbiit 3,60 3,58:10% 82,68 0,992
Test sample | OnbrTHBLIT 3,59 3,42-10° 3,95 0,999

14
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AH,-AG,
T

ITo ypaBHeHu:M (8), (9) u (10) 6p1M paccYMTaHbI 3HA-
uenua AG,, AH, u AS, xonbacHoro dapiiia B 3aBUCUMOCTI
oT TemIiepatypsl (puc. 3, 4).

[l KOHTPONIBHOTO 06pasna TemIoTa AaKTUBALUU
BS3KOTO TEYEHWs C YBeJMYEHUEM TeMIIePaTypbl Pe3Ko
YMEHbIIIAeTCs, a /IS ONIBITHOTO 06pasiia IPaKTUIecKn He
MmensieTcst B obmactu (1b, 2b). SHTponUA aKTUBAIUY Tede-
HYSI KOHTPOJIBHOTO 00paslia TaKXKe Pe3KO YMEHbIIAeTCs
B 3aBMCYMOCTH OT TEMIIEPATYPHI, a [/ OIBITHOTO 00pas-
11a YKa3aHHBII IPOL[eCC He3HAYNTETIEeH.

OueBUHO, YTO IPUINHBI U3MEHEHUsI TEIUTOTHI U 9H-
TPOINM aKTMBALMYU TeYeHMsI CBS3aHbI C IPOIleccaMy pas-
PYLIEHNSI CTPYKTYPBI MAIIEBbIX CUCTEM.

[lna xonbacHoro capia, BBIpabOTAaHHOTO IO Tpa-
IVMLVOHHON TeXHoNnorny (KOHTpOnb, puc. 3, kpuBas 1)
XapaKTepPHO pe3Koe YMeHbIlIeH e TeIIOTHI aKTUBALINN Te-
JeHsI IPY HarpeBaHMM, 9YTO 00yCIaBInBaeT 60see BbICO-

(10)

B>

AH, kJ/mol | AH, kO/Mmonb

90.0

80.0
70.0

60.0
50.0
40.0
30.0
20.0

10.0

@ @@ @ @@ @ @@ @@ @ @ @ @© 2

in the area (1b, 2b). Flow activation entropy for the control
sample was also dramatically reduced depending on the
temperature while this process was negligible for the test
sample.

Obviously, the reasons for changing the heat of viscous
flow activation and flow activation entropy are associated
with the destruction of the structure of food systems.

Sausage meat produced using traditional technology
(control sample, figure 3, curve 1) is characterized by a
dramatically decrease in the heat of viscous flow activation
during heating, which leads to a higher rate of the struc-
ture destruction. For sausage meat containing a cavitation-
treated brine (test sample, figure 3, curve 2), the heat of
viscous flow activation is nearly constant during heating,
which leads to a slight degradation of the structure.

Changes in entropy of viscous flow activation de-
pending on the heating temperature are also illustrative
(Figure 4). In the control sample, the food system is more

0.0 T \ T
288 290 292 294

296

298 300 302 304 T, °K

Figure 3. The dependence of the heat of viscous flow activation on the temperature in sausage meat samples: 1 — control sample; 2 - test sample
Puc. 3. 3aBUCHMOCTb TEIUIOTHI AKTUBALIUN BA3KOTO TedeHNs B 00pasijax KombacHoro ¢apiia oT TeMIeparypsl: 1 — KOHTPOJIbHBII; 2 — OIIBITHBII

J

mol -K
350.

LK

7
mosnb- K
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Figure 4 - The dependence of entropy of viscous flow activation on the temperature in sausage meat samples: 1 — control sample; 2 — test sample
Puc. 4. 3aBMCHMMOCTb HTPONIUM AKTVBALMY BA3KOTO TEYEHVsl OT TEMIIEPATypbl 00pa3LjoB MACHOTO (hapiua: 1 — KOHTPOJIBLHBIIL; 2 — OIIBITHBII
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KU TeMII pa3pyLieHus CTPyKTypsl. [I71s1 konbacHoro ¢ap-
11, COflep>Kallero KaBUTALIOHHO 0OpabOTaHHBII paccor
(omslIT, puc. 3, KpuBas 2), TeIIOTa aKTUBALUY TEYEHN
IpY HATPEBAHUU IPAKTUYECKU MOCTOSHHA, YTO IPUBO-
IUT K HE3HAUUTETbHOMY Pa3pyIIEHUIO CTPYKTYPHIL.

IToxasaTenbHBl TaKXe W3MEHEHMsS SHTPOINMM aKTHU-
BaI[UV TedeHMs KOJOacHOro ¢papura B 3aBUCUMOCTY OT
TeMIlepaTypsl Harpesa (puc. 4). B konTponbHOM 06pasie
nuieBas cucreMa 6osee CTPYKTYpPUPOBaHa, TaK KakK 13-
MeHeHMs SHTpOIuY o4ty B 20 pas BBIIIE 10 CPAaBHEHUIO
¢ onbitHeIM Tpu 293°K (20°C). B pmanbHeriiem, usme-
HEeHUsA SHTPONUY IPY IOBBIMIEHNN TeMIepaTyphl Pe3Ko
YMEHBIIAIOTCS B KOHTPOJIILHOM 00pasiie 110 CpaBHEHMUIO
C OIIBITHBIM.

B rpetbeit obmactu (puc. 1, obmactu 1c, 2¢) Habmopaet-
Cs yBeM4eHVe BSA3KOCTM IIPY JajIbHellllleM HarpeBaHNUM
KonbacHoro ¢apia, 4To 00ycI0BIeHO GOpMIPOBAHUEM
CTPYKTYPBI KO0achl 3a CYeT [EeHATYypPal[uyl MBIIIEYHBIX
6en1koB. [I1s1 KOHTPO/IBHOTO 06pasiia MpoIecc CTPYKTY-
pupoBaHuA HauMHaercsA npu 32-+33°C, a 74 ONIBITHO-
ro — npu 26 + 27 °C (puc. 1). VI3 puc. 1 BupiHO, 4TO yBemu-
JeH1e BA3KOCTY MJeT He MOHOTOHHO. JlocTuras 3sHaYeHmit
70+75 Ila'c mokasaTesb BASKOCTY U3MEHAETCH CKaIKOO-
6pasHo: TaKkoe IOBeJleHNe, BEPOATHO, CBA3aHO C pelaKca-
LIMeN CBUTOBBIX HAIIPsKEHUI B IINILEBOI CUCTEME.

BriBopgbI

dopMupoBaHme CTPYKTYpbl KONOACHBIX M3MIENit
HAYMHAETCS C TIOBEPXHOCTM M NPOTeKaeT Ooee MHTEH-
CUBHO, 4eM BHYTpM ob6pasia. Takas HepaBHOMEPHOCTb
B pOPMUPOBAHUY CTPYKTYPhI IIPUBOJUT K BO3HIKHOBE-
HUIO HAIPSDKEHWIT, CHATVE KOTOPBIX B MUIEBOIT CICTEME
IPOVICXOUT 32 CYET UX PeTaKCALVIL.

Takum o6pasom, pu GOPMUPOBAHUY CTPYKTYPBI IIPK
BapKe KOMOACHBIX M3[ENNil MOXXHO TOBOPUTH O JIBOVICT-
BEHHOM IIpOILiecce: C OHOI CTOPOHBL, UJIET CTPYKTYPUPO-
BaHILe, 4 C APYTOIi, MMeeT MECTO PelaKcalisi, T.e. BBIPAB-
HUBaHIe HalIpsDKeHUiT B 06beMe KosibacHoro usmenus [5].

JlaHHBle, TpencTaBIeHHble HA peorpaMMe TedeHMUil
(puc. 1), CBULIETEIBCTBYIOT O TOM, YTO Pe/TaKCAIMIOHHBIE
mporecchl 6ojiee aKTUBHO MIPOUCXOAAT B KOMOACHBIX U3-
[enMsAX C KaBUTALIOHHO 06pabOTaHHBIM PAacCoOOM, YTO
HOPUBOAUT K OCTA0MeHnI0 pOPMUPYIOILENCS CTPYKTYPbI
KombacHoro magenus. [lomydarmomuiicss TPOgYKT MMeeT
HEXHYI0, 9/aCTUIHYI0 KOHCUCTEHIUIO U SIPKO BBIPa>KeH-
HBIII BKYC, 60/1e€ IPeIIOYTUTENbHBII /s IIOTPeOUTEISL.

braromapHocTb

Paboma evinonnena 6 pamxax Ipawma na 2015 2.,
evl0enennozo Poccuiickum pondom ynoamenmanvHolx
uccnedosanuii (PODN), ons punancuposanus Hay4uHo-
20 npoexma Nel5-58-45028 «Teopemuueckue acnexkmol
COHOXUMUYECK020 6030eliCnBUSsT HA NULLeBble IMYTTbCUL»
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structured, as the changes in entropy are almost 20 times
higher as compared with test sample at 293 °K (20 °C). Sub-
sequently, changes in entropy with increasing temperature
for the control sample dramatically decrease as compared
with the test sample.

In the third area (figure 1, area 1c, 2¢) there is an in-
crease in viscosity when sausage meat is heated, which
is caused by the formation of structure due to muscle
protein denaturation. For the control sample, the struc-
turing process starts at 32+33°C, and for the test sam-
ple, it starts at 26 +27°C (figure 1). Figure 1 shows that
the viscosity increase is not monotonic. At the values of
70+75 Pas, viscosity index changes abruptly: such a be-
havior is probably due to the relaxation of shear stresses in
the food system.

Conclusion

Structure formation in sausage products starts at the
surface and proceeds more rapidly than inside the sample.
Such an unevenness in the formation of structure leads to
stresses, removal of which in the food system is due to their
relaxation.

Thus, the formation of structure during the cooking of
sausage products is a dual process: on the one hand, the
structuring is going on, and on the other hand, the relax-
ation takes place, i.e. equalization of stresses in the bulk
sausage product [5].

Data presented on the flow rheogram (figure 1) show
that the relaxation processes occur more extensively in
sausages containing cavitation-treated brine, which leads
to a weakening of forming structure of the sausage prod-
uct. The finished product has a gentle and elastic consis-
tence and a distinct taste that makes it more preferable for
the consumer.
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EFFECT OF SUBCRYOSCOPIC STORAGE TEMPERATURE
ON THE QUANTITY OF FROZEN-OUT WATER IN NOR AND DFD BEEF

BIIMAHUE CYBKPMOCKOIINMYECKON TEMIIEPATYPDI
XPAHEHNA HA KOJIMYECTBO BBIMOPOKEHHOMU BO/1bl

B NOR U DFD IrOBAANHE

Dibirasulaev M.A., Belozerov G.A., Dibirasulaev D.M., Orlovsky D.E.
The All-Russian Scientific Research of Refrigeration Industry, Moscow, Russia

KmroueBbie crosa: NOR u DFD eoss0una, cyOkpuockonuteckas
memnepamypa xparerus, pH, Konuuecmso 6biMoposceHHOTE 600bl.

Annomauus

IIposedera cpasHumenvHas oOueHKA IKCNEPUMEHMATbHIX U Pac-
UeHbIX Memooos onpedeneHUs KONUHeCM6a 6bIMOPOHEHHOU
80001, npednoxcenvix B. XKadarom, B. Jlamviuesoim, Y. Hazao-
ka, JI. Pudenem, II. Priomosvim u I. Quiosvim npumenumenvHo
K MACY KPynHo20 p0o2arnozo ckoma 6 Ouandasome memmepamyp
om munyc 1°C 0o munyc 30 °C.

Ilokasaro, umo 3HaueHUs 00/IU BbIMOPONEHHOL 600bi, onpede-
nennvie no popmyne V. Hazaoxa, na 6-7 % eviude, uem sxcnepu-
menmanvHole dantvie JI. Pudenst 6 Ouanasone memnepamyp om
munyc 7 °C 0o munyc 30 °C. C noHuiceHuem memnepamypol Msaca
om -7°C do -30°C pasHuya 8 IKCHepUMeHManvHvlx OAHHbIX
J1. Pudens u B. Jlamviuesa 0ocmueaem 5 %.

3uauenus, coomeemcmeywusue Haubonee HAOEHHbIM IKC-
nepumenmanvHoim O0arHbiM L. Pudens onsa zoesanvezo msca
( t,= -0,95°C), npunsmoix 6 pexomendauusx MUX, naubonee
MOUHO ONUCLIBAIOMCS Meopermu4eckoti 3a6UCUMOCIIbIO, NPeoTo-
scenoti [I. Promosuvim. Ilo amoti 3asucumocmu onpedeneHo Ko-
JIUMECIBO BLIMOPONEHHOLI 600bL 6 UHIMEPBATIE MeMNePAMmyp Om
munyc 1°C 0o munyc 4°C npumerumenvro kK NOR u DFD mscy.
Yemanoenero, umo npu pasHuye KpUOCKOnu4eckoli memnepa-
mypui 0,3 °C mexncdy o6oumu sudamu msica cooepicariue 1v0a npu
memnepamype munyc 2,0°C 6 DFD msce na 13,0 % 6onvue, uem
8 NOR msice, a 0ns1 obecnedenuss 00UHAK08020 KOMUHECNBA CO-
OepiHanus evimMopocenHoil 600bl 30 % memnepamypa XpaHeHus
0n151 NOR msica 0onxcra 6vimo Ha 0,5 °C Huoice, wem 0nst DFD.

BBenenue

[Tpn coxpaHeHUM IPOLYKTOB XXMBOTHOTO IPOVCXOXK-
[leHMsI B CBEXeM BUJle CTPEMIINCh K MaKCUMAaTbHOMY
HOHVDKEHVIO TeMIIepaTypbl 00beKTa, He JOIyCKAoLeMy
KpMCTanI0006pa3oBaHus B ero TKaHAX. Kak nmokasasna mpa-
KTIKA, TaKOe OXJIaKIeHNe He 3aflep)KMBaeT B JOCTaTOY-
HOJI CTelleHM pasBUTHSA GepMEHTATUBHBIX ¥ MUKPOOMO-
JIOTMYeCKMX IPOLIECCOB U He 00ecIednBaeT COXpaHEeHNU
KauecTBa MPOAYKTOB B TeYeHME JJINTETbHOTO BPEMEHI.
[lna yBenuueHMsa CpOKa XpaHEHUsA IPOAYKTOB >KMBOT-
HOTO INIPOUCXOXKJEHUSA PEKOMEH[YeTCs UX ITOAMOPAXKU-
BaTb U XPaHNUTb IIPY CyOKPMOCKOIINYECKOII TeMIIepaType
(-2+-3°C) [1].

BrniepBble croco6 coxpaHeHMsA KadecTBa IMIEBBIX
IPOAYKTOB IIPU CYOKPUMOCKOIMYECKMX TeMIIepaTypax
xpaHeHusa (Mmuyc 0,5 + mmHyc 4°C) ObUI IpemnoXeH
Le Danois, 1920 r [2]. OCHOBHBIM NIpeMMyIIECTBOM BHe-
[peHNs JAaHHOI TeXHOIOT MM SIB/ISI€TCS YBe/IMYeHe CPOKa
XpaHeHUsA CBEPXOX/IaXKJEHbIX IPOSYKTOB B 1,4-4 pasa 1o
CPaBHEHUIO C TPAAUIIOHHBIM OXTaX/leHreM [3].
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Keywords: NOR and DFD beef, subcryoscopic temperature of
storage, pH, quantity of frozen-out water.

Abstract

The comparative assessment of the experimental and computation-
al methods for detecting the quantity of frozen-out water proposed
by V. Zhadan, V. Latyshev, ]. Nagaoka, L. Riedel, D. Ryutov and
G. Chizhov as applied to beef in the temperature range of -1°C to
-30°C was carried out.

It was shown that the values of frozen-out water proportion detect-
ed by the formula of ]. Nagaoka were 6-7% higher than the experi-
mental data of L.Riedel in a temperature range of -7 °C to -30 °C.
With decrease of the meat temperature from -7°C to -30°C,
the difference in the experimental data obtained by L.Riedel and
V. Latyshev reaches 5 %.

The values corresponding to the most reliable experimental data
of L. Riedel for beef (t = 0,95 °C), which were adopted in the rec-
ommendations of the International Institute of Refrigeration (IIR),
are most accurately described by the theoretical dependence pro-
posed by D. Rutov. Using this dependence, the quantity of frozen-
out water in a temperature range of —1°C to -4 °C was detected as
applied to NOR and DFD meat.

It was established that at a difference of the cryoscopic temperature
of 0,3 °C between two groups of meat, the ice content at a tempera-
ture of -2 °C is 13,0 % higher in DFD meat compared to NOR meat,
and in order to ensure the same content of frozen-out water (30 %),
the storage temperature for NOR meat should be 0,5 °C lower than
that for DFD meat.

Introduction

In preserving products of animal origin in the fresh
condition, the aim has been the maximum decrease in an
object temperature that prevents the crystal formation. As
practice shows, this cooling does not retard sufficiently
the development of the enzymatic and microbiological
processes and does not ensure preservation of product
quality for a long period of time. To extend a shelf-life of
products of animal origin, it is recommended to slightly
freeze them and store at the subcryoscopic temperatures
(-2+-3°C) [1].

For the first time, the method of food quality pres-
ervation at the subcryoscopic storage temperatures
(-0,5+-4°C) was proposed by Le Danois in 1920 [2]. The
main advantage of this technology is extending the shelf-
life of supercooled products 1.4-4 times compared to the
traditional cooling [3].
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B0O3MOXXHOCTb TIpUMeHEHUSA CyOKPUOCKOIIMYECKON
TEMIIePaTypbl I COXPAaHEHNS IUIIEBBIX IPOAYKTOB
B CBEPXOXJIAXX/IEHHOM COCTOSHUM OTMEYaeTCA UM B Ha-
crosiiee Bpems [4-8]. CBepxoxmaXKeHme OnpeyensieTcs
KaK TeXHOJIOIMs, IPU KOTOPOIl TeMIeparypa IIPOAYK-
TOB TOHIDKAaeTcsa Ha 1-2°C HIDKe TOYKM KPUOCKOIM-
4YecKoil TeMIlepaTypbl INpopykra. IIpmmeHenme csep-
XOX/IQXK/IEHNSI B IIPOMBIIIEHHOCTY MOXXET YMEHbBIINTb
UCIOTb30BaHMe 3aMOPXKVBAHNUA — PasMOpPaKMBaHUS
U, C/IelOBAaTeIbHO, CHUSNTD TPYHO-3aTPaThl, PACXOAbI Ha
SHEPTUIO U IOTepy Macchl mpopyKTa. OCHOBHBIM ITapa-
METPOM, OIPENEAIIMM KaueCTBO CBEPXOXIaK/JeHHO-
TO IPOAYKTA, AB/IAETCA CTEleHb Iepexofa BOAbI B JIE
(o1 5 10 50%).

B aTux paborax mokasaHa Tak >ke 3HaYMMOCTD OIlpe-
IeleHMsT pasMepoB M JIOKa/IM3aluM KPUCTAJUIOB JIbJA,
cofepXalMXCsi B IIPOAYKTE IPM CYIEePOXIaXAeHNN
Y XpaHEHUN IIPU CYOKPUOCKOIMYECKUX TeMIlepaTypax.
OpHaKO BOIIPOC 3aBUCUMOCTH KOJINYECTBA BHIMOPO>KEH-
HOJI BOZIBI OT Ka4eCTBEHHBIX I'PYIII MsICa HEFOCTATOYHO
MCCIIEOBAH.

HenaBuumu nccneposanusamu M. @apayk u ap. [9-10]
YCTaHOBJIEHA 3aBUCHMOCTb KPMOCKOIINYECKON TeMIlepa-
TYpBI OT aKTMBHOI KucnoTHocty Mmsaca (pH). CormacHo
STUM MCCAeJOBaHMAM OblIa JOKa3aHa TUIIOTE3A O TOM,
YTO CYIECTBYET CBS3b MEXAY O0Jee BBICOKOI TOYKOII 3a-
Mep3anus 1 nosbsiiieHreM pH B msce. [1lo ganHbIM UCCTE-
JoBaTesell KpMOCKOIMYecKass TeMIlepaTypa /s TOBSIAN-
Hbl MeHsieTcsa oT —0,9 go -1,5 (A=0,6°C) B 3aBUCUMOCTU
ot yposus pH (r = + 0,73, P < 0,01).

Llenpbio HacTOsIIEN PabOTHI ABIAETCS OIPeTieeHIe 3a-
BMCVMOCTY KOJIMYeCTBA BBIMOPO>KEHHOI BOJBI OT Ka4ecT-
BEHHBIX I'PYIIII Msica KPYIHOTO POTaToOro CKOTa B 00/1acTu
CYOKPMOCKOIIMYECKUX TeMIIEpaTyp.

MaTepmaJIbI " ME€TOIbI

IIpn mpoBemeHMM wuccrefoBaHUIl OIpefeNANN 3Ha-
YeH)s MapaMeTpPOB IPOLECCOB OXIaK[AeHNA, XpaHEHU
U ITOKa3aTesiell KauecTBa MsACa TOBALUHBI IEPBOI KaTero-
PUM C ICIIO/Ib30BaHIEM COBPEMEHHBIX IIPHOOPOB U METO-
OB UCCTIeTOBAHMIA:

— TeMIlepaTypa M BJI)KHOCTb BO3[yXa U TeMIlepaTy-
pa MAca ¢ IpUMMEHEHMEM 3/IEKTPOHHBIX CaMOICLIEB,
IpefHA3HAYEHHbIX [I1 M3MEPEHMS, PETUCTPALUN
VI XpaHEHMA JAHHbIX C IIOC/IEAYIOLIell UX Iepefadeit Ha
KOMIIBIOTEP U BBIBOIOM B BlJie TPapMKOB TeMIepaTy-
PpBI ¥ BIaxHoCTH [11];

BermmurHa pH Msca (aKTMBHasg KUCIOTHOCTb CpPefibl)
KoMOuHMpoBaHHBIM pH-MeTpom 205 dupmer «Testo»
I HENOCPECTBEHHOTO M3MEPEHUsA BEIMYMHBI aK-
TUBHOW KUCIOTHOCTU B MBIIIEYHONM TKaHM. J[1amason
M3MepeHMs aKTUBHOJM KUCIOTHOCTU cpenpl oT 0 1o
14 en. ¢ morpemHocThio +0,01 ef.

KPMOCKOIIMYECKasA TeMIIEpaTypa II0 METOAMKE, OIN-
cannoit C. [lxxeiiMc [12] ¢ onpepiesieHnieM TeMIIepaTypb
CTabunu3anyy Ha KpMUBOJ 3aMOPaKMBAHNUA C IIpUMe-
HEHJMEM IIPELM3NOHHOIO M3MEPUTENA TeMIIEPATypPhbl
pu TeMIle-parype Boszgyxa muHyc 20 °C £1,0 °C. IIpe-
e NOIyCKaeMOoJl OCHOBHOM IIOIPENIHOCTY Ipubo-
pa, °C £ (0,015 + 10~*T).

19

At present, the possibility to use the subcryopscopic
temperature for preservation of food products in the su-
percooled condition is also noted [4-8]. Supercooling is
defined as a technology, in which the temperature of prod-
ucts is decreased to a point that is 1-2°C lower than the
point of a product cryoscopic temperature. Application of
supercooling in the industry can reduce use of freezing —
thawing and consequently, lower labor costs, power costs
and product mass losses. The main parameter determining
the quality of a supercooled product is the degree of transi-
tion of water into ice (5 to 50%).

In these works, the significance of determining the size
and location of the ice crystals present in a product upon
supercooling and storing at the subcryoscopic tempera-
tures is also shown. However, the question of dependence
of the quantity of frozen-out water on the meat quality
groups has not been adequately studied.

In their recent studies, Farouk M.M. et al. [9-10] have
established the dependence of the cryoscopic temperature
on the active acidity of meat (pH). According to these stud-
ies, the hypothesis on the relationship between the higher
point of freezing and increase in meat pH has been proven.
The data of the researchers show that the cryoscopic tem-
perature of beef changes from -0,9 to -1,5 (A=0,6°C) de-
pending on the pH level (r = + 0,73, P < 0,01).

The aim of the present work was establishing the de-
pendence of the quantity of frozen-out water on the quality
groups of beef in the range of the cryoscopic temperatures.

Materials and methods

When conducting the experiments, the values of the
parameters of cooling and storage processes and quality
indicators of beef of category 1 were determined using the
modern instruments and methods of investigation:

— air temperature and humidity, meat temperature using
electronic recorders for data measuring, recording and
storing with their subsequent transfer to a computer
and plotting them on the temperature and humidity
graphs [11];

meat pH value (active acidity of the medium) with the
combined pH-meter Testo 205 for direct detection of
active acidity in meat tissue. The measurement range of
active acidity of the medium is 0 to 14 pH with accuracy
+ 0,01 pH.

cryoscopic temperature according to the method de-
scribed by S. James [12] with detection of the stabiliza-
tion temperature on the freezing curve using precision
temperaturegaugeatanairtemperatureof -20°C +£1,0°C
with the acceptable basic limit of the
device, °C + (0,015 + 10-5*T).

€rror
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Pe3ynbrarsl u ux 06cyKaeHMe

JlaHHbIe TIO OIIpele/IeHNI0 TOYHOCTV IOAJEepP>KAHNA
TeMIepaTypbl BO3yXa B KaMepaxX XpaHeHMs 1 060CHOBa-
HUIO METOfIa pacyeTa KOMIMYeCcTBA BLIMOPOXKEHHON BOJIBI
IpyU CYOKPMOCKOIIMYECKON TeMIlepaType XpaHeHus Msica
Pas/IMYHBIX Ka4eCTBEHHBIX TPYIII IIpuBefieHsl (puc. 1-3).
MOHUTOPYHT TeMIepaTyphl B KaMepax Ipu 61ms- u cyo-
KPMOCKOINYECKIX peXXIMax XxpaHeHns: (puc. la, 16) moka-
3bIBaeT, UTO IIPY CpefHeil TeMIeparype Bo3gyxa —0,55°C
n -2,70°C 3Ha4eHMA CTAaHJAPTHOTO OTKIOHEHNA COCTaB-
naor S=+0,14°Cu S =+ 0,15°C.

Results and discussion

The data on detecting the accuracy of air temperature
maintenance in the storage rooms and substantiation of
the method for calculating the quantity of frozen-out water
at the subcryoscopic storage temperature of meat from dif-
ferent quality groups is given in figure 1-3. Monitoring of
the temperature in the rooms at near- and subcryoscopic
storage regimes (figure la, 1b) shows that at the average
air temperatures of -0,55°C and -2,70 °C, the values of the
standard deviation are S = + 0,14°C and S = + 0,15°C.

363
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Figure 1a. Thermo-hygrogram of the near- and subcryoscopic meat storage regimes in the experimental storage rooms LG R-K182FR
Puc. 1a. Tepmo-rurporpamma 67ms- 1 CyOKpUOCKOIIMYECKIX PEXXMMOB XPaHEeHM A MsACa B 9KCIIEPUMEHTAIbHBIX KaMepax xpaHeHnsa LG R-K182FR
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Figure 1b. Thermogram of the subcryoscopic meat storage regime in the experimental storage room LG R-K182FR
Puc. 16. Tepmorpamma CyOKpIMOCKOIIMYECKOTO PEeXXIIMa XPaHEHNsI Msica B 9KCIIepuMeHTanbHOl Kamepe xpanenus LG R-K182FR
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CpaBHUTe/IbHAA OLIEHKA 3KCIIEPUMMEHTA/IbHBIX U pac-
YeTHBIX METOJ[OB OIpefleeHNs KOMM4yecTBa (J0/I1) BBIMO-
PO>KEHHOW BOJBI, IPUHATHIX B Poccuy mpuMeHUTENbHO
K MACY KPYIIHOTO poraToro ckota (puc. 2) [13-18] moxka-
3BIBAET, YTO 3HAYECHIS JJOIM BBIMOPOYXEHHON BOJIBI, OTIpe-
iefIeHHbIe 10 (popMmyrte 1. Haraoku, Ha 6-7 % Bbllle, 4eM
9KCIepMMeHTa/lbHble JaHHbIe JI. Pusiensa npu temmnepary-
pax ot munyc 7 °C go munyc 30 °C. C IoHMXeHeM TeMIIe-
patypsl Maca ot -7 °C o —-30°C pasHuia B 9KCIIepUMEH-
TanbHBIX JaHHBIX JI. Pumens u B. JIaTbileBa moBbIIIaeTcs
1o 5%, a B pacuétHbix — [I. Prorosa u I. Ymkosa o 3,5 %.
PasHniia B osre BBIMOPO>KEHHOM BOJIbI B IIPUHATOM JIMa-
I1a30He TeMIIepaTyp, OTy4YeHHas 10 pacYeTHBIM JaHHBIM
B. XKapana I. YnxoBa, He mpeBbimiaet 2,0 %.

3HaueHMsA, COOTBETCTBYIOLIME Hambo/mee HaJeXKHBIM
9KCIEepUMEHTANbHBIM JaHHbIM JI. Pupens, npuHATHIX
B pekoMeHfauuAXx MJVX no npousBoncTBy U XpaHEHMIO
3aMOpOXXEHHBIX MNINEBBIX HpPOAyKToB [19], Hambomee
TOYHO ONMCHIBAIOTCS TEOPETUIECKOI 3aBUCUMOCTBIO [16],
npennoskeHHoit [I. ProToBbiM:

o=[1-052] [1- ] 0

I7ie: 0 — JIO/Is1 BBIMOPOXXEHHOIT BOABI B IPOAYKTe; W — oOlrjee
cofiepKaHIe BOJbI B IPOoAyKTax (T Ha 1 T mpopyKTa); b — co-
JiepXKaHMe CBA3aHHOI BOABI B IpopiyKTe (I Ha 1 T cyXux Be-

. o
L[eCTB); £, — KPUOCKOMINYECKas TeMIIepaTypa npopykra, °C.

Omnpenensiemas 1o 31oit GopMyse KON BHIMOPOXKEH-
HOJI BOJBI B IIPOAYKTE 3aBUCUT He OT OJHOI XapaKTepu-
CTMKM IPOAYKTA _, @ OT TPEX €ro He3aBUCUMBIX XapaK-
TepUCTUK (puc. 2): oy b 1 w, KoTOpbIe OIpeNeAITCI
9KCIIePYIMEHTA/IbHBIM Iy TEM.

The comparative assessment of the experimental and
computational methods for detecting the quantity (pro-
portion) of frozen-out water, which are adopted in Russia
as applied to beef [13-18] (figure 2), shows that the values
of the frozen-out water proportion detected by the formula
of ]. Nagaoka were 6-7 % higher than the experimental data
of L.Riedel at the temperatures of -7 °C to -30°C. With re-
duction of the meat temperature from -7 °C to -30°C, the
difference in the experimental data obtained by L. Riedel
and V. Latyshev increased to 5%, and in the computational
data of D. Ryutov and G. Chizhov to 3.5%. The difference
in the proportion of frozen-out water in the given temper-
ature range obtained by the computational data of V. Zha-
dan and G. Chizhov does not exceed 2 %.

The values corresponding to the most reliable experi-
mental data of L. Riedel, which were adopted in the Recom-
mendations of the International Institute of Refrigeration
(IIR) for the Processing and Handling of Frozen Foods, are
most accurately described by the theoretical dependence
proposed by D. Rutov:

o=[1-052] [1- ] o

where: @ — the proportion of frozen-out water in a product;
w — total content of water in a product (g per 1 g of a prod-
uct); b — content of bound water in a product (g per 1 g of
dry matter); ¢ — cryoscopic temperature of a product, °C.

The proportion of frozen-out water in a product that is
determined by this formula depends not on one charac-
teristic of a product (¢ ), but on three independent char-
acteristics (figure 2): t, b and w, which are obtained by
experimental means.
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Figure 2. Comparative computational and experimental data on the quantity of frozen-out water in beef
Puc. 2. CpaBHUTETbHBIE PACIETHDIE M OTIBITHBIE IAHHBIE T0 KOMMMYECTBY BBIMOPOKEHHOIT BOTBI B MSICE TOBS/INHBI
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ComnocrapieHne JaHHBIX (pHC. 3) TOM BBIMOPOKEHHOI Comparison of the data (figure 3) of the proportion
BOJIBI, ONIpeie/IEHHBIX IIpK TeMIleparypax -5, -10, -15, =20,  of frozen-out water determined at the temperatures -5,
-30°C mra BocbMM BUJOB INPOAYKTa (roBammHa, mukir,  -10, -15,-20, =30 °C for eight types of products (beef, had-
TpPecKa, MOPCKOII OKYHb, ITYHBIN O€/I0K, ApooKy, 3eneHplt  dock, cod, redfish, egg protein, yeasts, green peas, spin-

TOPOILEK, IIMIHAT), TOTy4YeHHbIX 9KcrepuMeHTanbHo JI. Pu-  ach), which were obtained experimentally by L. Riedel
JielleM U pacyeTHBIM ITyTeM 110 popmyte [I. ProtoBa mokassl-  and by calculation using the formula of D. Ryutov shows
Baer [14, 16, 19], uro u3 40 3HaveHwit 33 coBHaaoT, a b [14, 16, 19] that 33 of 40 values coincide and only seven dif-
ceMb ormryaercs Ha 1%. [Toatomy msa onpenenennsa komu- — fer by 1%. Thus, the dependence of D. Ryutov was used for
JyecTBa BBIMOPOXKEHHOUI BOABI Ipy cyOkprmockormdueckux  detecting the quantity of frozen-out water at the subcryo-
TeMIlepaTypax UCIOIb30Ba/IM 3aBUCUMOCTS [I. PloToBa. scopic temperatures.
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Figure 3. Experimental and computational data (L. Riedel, D. Ryutov) on the quantity of frozen-out water
Puic. 3. IxcriepuMeHTaIbHBIE I pacueTHbIe aHHbIe (Puernb, PI0TOB) 10/ BEIMOPOYXEHHOIT BOJIBI

Ha pucyHnke 4-5 npuBeieHbl KpUBbIE 3aBUCYMOCTI W3- Figure 4-5 present the curves of dependence of tem-
MEHEHMA TeMIIEPATYPbI OT IPOJO/DKUTEIBHOCTY IIpoliecca  perature changes on duration of the freezing process used
3aMOpKMBAHN, VICIIONIb30BAHHBIE /151 OTIpeNieNenNsi 3Ha-  for detecting the values of the cryoscopic temperature (fig-
YeHMIT KPUOCKOIIMIECKOI TeMITepaTypeI (PHC. 4), M 9KCIIe-  yye 4) and the experimental data on the dependence of the

pUMeHTaIbHble JAHHbIE 3aBMCUMOCTM KPMOCKOINYECKON
TeMIlepaTypsl oT BemmuuHbl pH msca (puc. 5). VI3 gaHHBIX
UCCIENOBAaHMIA TIO OTIPEJEIEHNIO 3aBUCUMOCTY KPUOCIIYE-
CKOJI Temmeparypbl oT pH Msca crefyeT, 4TO MaKCUMallb-
Has pasHMIA B 3HAYEHUAX KPMOCKONMNYECKUX TEMIIEPATYP

cryoscopic temperature on pH values of meat (figure 5).
From the experimental data on the dependence of the
cryoscopic temperature on pH values, it is evident that the
maximal difference in the values of the cryoscopic temper-

ms1 20 o6pasios msica coctasisieT 0,35 °C. atures for 20 meat samples is 0,35 °C.

IlanHble, TONMy4YeHHbIe 110 3aBucumMoctu [I. ProtoBa s The data obtained by the dependence of D. Ryutov for
ompeJieieHNns JONM BHIMOPOXKEHHOII BOfIbI NpuMeHnTenb-  detecting the proportion of frozen-out water as applied to
HO K Pas/IM4HbIM KaueCTBEHHDBIM IpynamM Msca npu pas-  different meat quality groups at a difference of the cryo-

HOCTI KPIOCKOIIIHECKIX TEMIIEpaTyp 0,3°C (o1 -0,95°C scopic temperatures of 0,3°C (from —0,95°C to -1,25°C)

mo -1,25°C), mpuBefieHbI Ha puC. 6. are given in figure 6.

. 6?H;ggiogii§?;iﬂpfgzﬁgaa T6 ILO;?;IB:;’C ‘{(1% IDI/[IZ)V—I Analysis of the data from figure 6 shows that at the
YORP paryp y : subcryoscopic temperature of -2 °C (slightly frozen meat),

po>keHHOe Msco) cofiep>kanue nba B DFD msce Ha 13% ) . s .
60Iblle, YeM B HOPMA/IbHOM MACE, a IIPH OfHHAKOBOM CO- the ice content in DFD meat is 13% higher than in normal

nepxxauun 167a (30%) B CBEPXOXTaX/IEHHOM MsACe pasuu-  Mmeat, and at the same ice content (30%) in supercooled
112 B TeMIlepaTypax xpaHeHus HopmanbHoro u DFD msaca  meat, the difference in the storage temperatures of normal
cocrasinser 0,5°C. and DFD meat is 0,5°C.
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Figure 4. The graph of dependency of meat sample temperature on the freezing process duration: 1, 2 — curves of the measurement results; 11,
21 — curves of the moving averages, Y — meat cryoscopic temperature
Puc. 4. I'pahuk 3aBucHMOCTI TeMIepaTypbl 00pasija Msca 0T IPOJO/DKUTEIBHOCTI IIPoliecca 3aMOPaXXMBaHus: 1, 2 — KpuBbIe pe3y/IbTaTOB
u3MepeHuit, 1', 2' — KpyBble CKOMB3AMNX CPeHNX, Y — KPIOCKOIIMYeCKas TeMIIeparypa Msica
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Figure 5. Dependence of the cryoscopic temperature on meat pH
Puc. 5. 3aBUCUMOCTb KPHOCKOIINYECKOIT TeMItepatypbi o pH Msica

BriBogbr

1. IIpoBefieHbI CPaBHUTENBHBIE VICCTIENOBAHNA Pa3/Iny-
HBIX METOJIOB OIIpeJie/IEHNs KOIMYEeCTBAa BhIMOPOKEHHOI
BOZIbI B MsICe TOBAJUHBI, Mcnonb3yeMbix B Poccun. Iloka-
3aHO, YTO 3HAUEHN, COOTBETCTBYIOIYE Hanboee HaTex-
HBIM 9KCIIEPMMEHTA/IbHBIM IaHHBIM L. Pusend, mpuuAThIX
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Conclusion

1. The comparative analysis of the different methods for
detecting the quantity of frozen-out water in beef that are
used in Russia was carried out. It was shown that the val-
ues corresponding to the most reliable experimental data
of L. Riedel, which were adopted in the Recommendations
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B pekoMeHnpauyax MIX mo mpousBopcTBy u xpanenuto  of the International Institute of Refrigeration (IIR) for the
3aMOpPOXKEHHBIX MUIIEBBIX NMPOAYKTOB, Hambonee TouHo  Processing and Handling of Frozen Foods, were most ac-

OIUCBHIBAIOTCA TEOPETUYEeCKOl 3aBUCUMOCTBIO, Impefmo-  curately described by the theoretical dependence proposed
KeHHOI1 [I. PIOTOBBIM. by D. Rutov.
2. YCTaHOBJIEHO, YTO IIpM pasHUIE KPUOCKOIMYe- 2. Tt was established that at a difference of the cryoscop-

ckoit Temriepatypsl 0,3 °C /1 pa3nMYHBIX KadeCTBEeHHBIX  ic temperature of 0,3 °C between two groups of meat, the
TPYIII MACa COfiepyKaHMe JIbJa M TeMIlepaType MUHYC  ice content at a temperature of -2 °C is 13,0% higher in
2,0°C B DFD wmsice Ha 13,0% 6ombie, uem B NOR msce, DFD meat compared to NOR meat, and in order to en-

a s obecrevyeHMsT ONMHAKOBOTO cofepskaHus BbIMO-  sure the same content of the frozen-out water (30%), the
poxenHo Bozibl 30% Temmepatypa xpaHenns mist NOR  storage temperature for NOR meat should be 0,5 °C lower
Msca fo/mKHa 0bITh Ha 0,5 °C Hipke, yeM s DFD. than those for DFD meat.
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Figure 6. The proportion of frozen-out water in beef dependent on the cooling method, quality groups and cryoscopic temperature:
At =-095°C@t =-125°C

Puc. 6. HOTIH BbIMOpO)KeHHOI;[ BOJbI B MACE T'OBAAMHBI B 3aBUCMOCTU OT CHOC06a OX/TAXKXIACHNA, KaYE€CTBEHHDIX I'PYIIIT VI KPMOCKOIIN -
geckoit Temnepatyper: At =-0,95°C; @t =-1,25°C
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REDOX POTENTIAL AND DYNAMICS OF PROTEIN AND FAT
DESTRUCTION DURING STORAGE OF CANNED MEAT IN PIECES

OKVICJIUTEJIbHO-BOCCTAHOBUTEJBHBIN ITIOTEHIIMAT
N INMHAMUKA JECTPYKIINN BE/IKA U JKPA ITPV1 XPAHEHUN
MACHBIX KYCKOBbBIX KOHCEPBOB

Krylova V.B.
The V.M. Gorbatov All-Russian Meat Research Institute, Moscow, Russia

KiroueBble cmoBa: OKUCIUMENBHO-80CCIMAHOBUMEILHDLIL NOEH-
uuan, MACHblE KYCKOBble KOHCEPBbL, aecmpyxuuﬂ benka u yupa,
XpareHue.

AHnHomauyus

Hccnedosanus, kacaiouquecs OUHAMUKU OKUCTUIMENbHO-60C-
CMAaHOBUMENLHO20 NOMEHUUANA CUCEM U €20 63AUMOCBA3U
¢ npoueccamu decmpyKuyuu 6e1K08 U HUPO8 KOHCEPBOB Npu Ux
XpaHeHUuu QpazmMeHmapHvl U He CUCEMAMUSUPOBAHDL, MO
nooduepkusaem ux akmyanvHocmo. Lleno — nonyuexue skcnepu-
MeHmMAnbHbIX 0aHHbIX no eenuuunam Eh u dpusuxo-xumuueckux
nokasamerneil Ka1ecmea KOHCePE80s Npu XpaneHuu 07 yCmaHos-
JIeHUST 803MOMCHOU KOPPensuuoHHol ux 3asucumocmu. Ilokasa-
Ho, umo Ounamuka Eh, codepuanus c60600HbIX AMUHOKUCIOM
U PPaKUULL HUPHBIX KUCTIOM KOHCEPE08 U3 208T0UHDL U CBUHUHDL
npu xpanenuu pasnuuna. Tax cHuxenue senuuunvt Eh u codep-
HAHUS CB0000HDIX AMUHOKIUCTIOM 8 KOHCEPBAX U3 2080UHbL HO-
cum NnaeHvill Xapakmep, 8 KOHCEP8Ax e U3 CBUHUNbL UMEm
MeCtno HecKOMbKO Nepuodos, Cyuecmeeno Omaudaouuxcs no
xapaxkmepy usmeHeHUs 3Ha4eHuil noxasameneil.

OmmeueH nuHetiHbLil xapaxmep usmeHeHus 00U Ppaxuyuti Hup-
HbIX KUCTIOM NPU XPAHEHUU KOHCEPE06 U3 208T0UHBL U CEUHUHDL.
IIpu smom 6 060X HAUMEHOBAHULX KOHCEPBOS UMET MeCTo HPU-
POCH COOEPHAHUT HACLIUEHHDLX HCUPHDLX KUCTIOM NPU 00HOBPe-
MEHHOM CHUNEHUU CYMM MOHO- U NONUHEHACBIULEHHBIX HUPHDLX
Kucnom. Benuuuna npupocma 001U HACOIU4EHHBIX HUPHBLX KUC-
710M, CBA3AHHASA C NPOUECCOM B60CCIAHOBIEHUS MOHO-U NOJIUHE-
HACLIUEHHBIX KUCTIOM, He 3A6UCUN O 6U0A MACA 6 KOHCePBax
u cocmasuna 6 cpeoHem 6%. Cruicerue 00nu MOHO- U NONUHE-
HACOIUUEHHBIX HUPHBIX KUCTIOM 8 KOHCePBAX U3 CBUHUHbL UHMEH-
cusHee 8 cpeOHeMm 6 4 pasa, uem 6 KOHCEPBAX U3 2085 0UHbL.

BBegenne

Hacrosiiast cTaTbs sSIBIsIeTCS] BTOPOI CTaThell U3 UK
OyOMMKanuii MO M3YYeHMIO OKVC/IUTeIbHO-BOCCTAHOBU-
tenbHOro noteHnana (Eh) MsacHpIx u MscopacTuTeNbHBIX
KOHCepBOB. B mepBoit mybmmkanvm [1] npuBepeHbl 6aHK
3HAYEHMI OKUCTUTETbHO-BOCCTAHOBUTENBHOTO TTOTEHIIN-
ala MSCHBIX M MSICOPACTUTE/IbHBIX KOHCEPBOB, BBIPAOO-
TaHHBIX 13 PA3HBIX BUIOB MsICa B OXJIXKIEHHOM U pa3Mo-
POXEHHOM COCTOSTHMM; Pe3y/IbTaThl M3Y4eHUs BIIVISTHIA
Cr1oco00B IpeBapUTEeTbHON 060pabOTKY MACHOTO U PAaCcTH-
TE/IbHOTO ChIpbs Ha Be/munHy Eh cpipbs 1 KoHcepBOB; 10-
Ka3aHo, YTO XapakTep u3MeHeHns BermunHbl Eh mpogykra
[OC/Ie TPOM3BOJCTBA 3aBUCUT OT CTETEeHU M3MeTbYeHNs
MSICHOTO CBIPbsI ¥ PeKMMOB CTePUIM3ALNM KOHCEPBOB. Tak
JUISE KYCKOBBIX MAICHBIX KOHCEPBOB CTEPVIIM3AIVs CHIDKAIA
BermmuyHy Eh mpopykra — yem xkecTue pe>XuMBbI CTepUIN-
3allMu, TeM CUTIbHee CHIDKeHMe BenmnanHel Eh.

/I3BeCTHO, YTO MsACHBIE KYCKOBBIE KOHCEPBBI OTHO-
CATCA K NMILEBOV NPOAYKLMM, MMEIOLIE CaMblil [JIN-
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Abstract

The studies on the dynamics of the redox potential of systems and
its relationship with the processes of protein and fat destruction in
canned foods during their storage are fragmented and not system-
ized, which highlight their topicality. The aim of the research was to
obtain the experimental data on the Eh values and physico-chem-
ical indicators of canned food quality during storage in order to
establish their possible correlation. It was shown that the dynamics
of Eh, the content of free amino acids and fatty acid fractions in
the canned products from beef and pork was different during stor-
age. For example, a decrease in the Eh value and free amino acid
content in the canned products from beef had a smooth character,
while in the canned products from pork several periods were ob-
served, which differed in the character of the change in the quality
indicators.

A linear character of the changes in the proportion of fatty acid
fractions during storage of the canned products from beef and
pork was noticed. With that, both canned food items had an
increase in the saturated fatty acid content at the concomitant
decrease in the sum of mono- and polyunsaturated fatty acids.
The value of an increase in the proportion of saturated fatty ac-
ids associated with the process of reduction of mono- and poly-
unsaturated fatty acids did not depend on the kind of meat in
the canned foods and was on average 6%. A decrease in the pro-
portion of mono- and polyunsaturated fatty acids in the canned
products from pork was about 4 times more intensive compared
to the canned products from beef.

Introduction

The present paper is the second in the series of publi-
cations on the investigation of the redox potential (Eh) of
meat and meat-and-plant canned foods. The first publica-
tion [1] presented the bank of values of the redox potential
of the meat and meat-and-plant canned foods, produced
from different kinds of meat in the chilled and thawed
conditions, and the results of the study on the effect of the
methods of the preliminary processing of meat and plant
raw material on the Eh value in raw material and canned
foods. It was shown that the character of the changes in
the Eh value of a product after production depended on
the degree of meat raw material comminution and the re-
gimes of canned food sterilization. For example, steriliza-
tion of canned meat in pieces decreased the Eh value of
a product — the stricter sterilization regimes, the greater
decrease in the Eh value.

It is known that canned meat in pieces falls in the cat-
egory of food products with the longest shelf life (up to
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Te/IbHbIN CPOK TOJHOCTY — JI0 5 JIeT, B 3aBMCHMOCTI OT
BUJIa TIOTPEOUTETbCKON YIIAKOBKIL. DTO 0OYCIIOBIEHO rep-
METMYHOCTBIO TTOTPEOUTETbCKON YIAKOBKM M OTCYTCT-
BUEM KOHTaKTa C KMCTIOPOJOM BO3[yXa, YHUYTOXEHIEM
aKTVMBHOV MMKPOQIOpBl U MHAKTMBaLell (epMeHTHBIX
CHUCTeM Msca IpU CTepumsanyy npopykuym. CroxHbIe
¥ B3aVIMOCBs13aHHbIEe OMOXVMMYECKIIe M XUMUYeCKIe IIPo-
LIeCChl AeCTPYKIMM O€/IKOB, XUPOB ¥ BUTAMMHOB, B TOM
4ycae TUAPOIN3 BBICOKOMONEKY/LAPHBIX COENVMHEHMIL,
OKJCTIEHMEe JKUPOB U O€NKOBBIX BEIeCTB, AECTPYKIVA
HEeNTHUIOB U AMUHOKICIIOT, 0Opa3oBaHye MeTaHOM/VHOB,
HU3KOMOJIEKY/IAPHBIX OPIaHMYEeCKUX ¥ HEOPraHMYeCKUX
COEIVMHEHNIT Y [IP. BELIeCTB IIPY PA3HBIX PeXXIMMaX TeIIO-
BOil 0OpabOTKM Pa3IMYHBIX TPYIII MACHON IMPOIYKIVIN,
B TOM YJIC/Ie Y KOHCEPBOB, JOCTATOYHO ITTy0OKO M3y4eHbI
U CHCTEMATU3VMPOBaHBI B PabOTax OTeYEeCTBEHHBIX U 3a-
pyOeXHBIX yueHbIX. UTO >Ke KacaeTcsA AMHAMUKM BbIIIE
HepevyCIeHHbIX IPOLeCcCOoB, MPOTEKAINX IpU XpaHe-
HUM MACHBIX KYCKOBBIX KOHCEPBOB, TO B JAHHOI 00/1acTH
K HAaCTOsAIIEeMy BpeMeHU HabpaH HEKOTOPBINl 3KCIepu-
MEHTa/IbHBIII MaTepyas, 4TO IO03BOJAET OOCYAUTH STOT
BOIIPOC HeCKOJIbKO 6oree mogpobHo. Tak Gunther H. [2]
u Hottenroth B. [3] mpu nsy4yenun abuornyeckux mporec-
COB, NPOVICXOAAILINX IIPY XpaHEHUM MACHBIX KOHCEPBOB,
obpaTuwin BHUMaHME Ha CYILIeCTBOBaHUE KOPpPeIALUN
MEXJy OpraHOJIeNTUYECKMMY XapaKTepUCTMKaMM KOH-
CEePBOB VI AMIHOKJIC/IOTHBIM COCTaBOM MBIIIEYHOI TKaHI.
Bornee rmybokoe nsydeHne cocTaBa HI3KOMOJIEKY/IAPHBIX
COEIMHEHNII C VICIO/Ib30BAHNeM METOJO0B Te/lb-(IIbTpa-
L[V ¥ TOHKOCIOVHOI XpoMaTorpaduy oKasajo, 4To 110-
JIMIENTUAHBIA YT COfeP>KMMOTO KOHCEPBOB HAXOUTCS
B IVMHAMUYECKOM COCTOSIHMU, T.e. MCYE3HOBEHME OINHUX
HOUIIENTUHBIX (QPAKIUIT COMPOBOX/ACTCS MOSABICHMU-
eM Jpyrux. OTO CBUJETENbCTBYeT O HEIPEPhIBHOM IIPO-
TeKaHMM IPOLIECCOB TUPO/N3a OeKa 10 MOMNIENTUIOB
U TIOJIMIIENITUOB O CBOOOHBIX aMMHOKICIOT B MACHBIX
KOHCepBax IpY UX XPaHEHUU, YTO MOATBEPXKAEHO pado-
TaMI OTeYeCTBEHHBIX YUeHbIX [4, 5, 6]. IIporeccs! ruapo-
nmm3a 6elKa HeCyT 3HAYMTEbHYI OTBETCTBEHHOCTDb 3a
CHIDKEHMe Ka4eCTBa KOHCEePBOB, XPaHAIIVXCS MPOJO/DKI-
Te/lIbHOe BpeMs. B uacTHOCTH, B pesy/braTe IpOTEONTUTHI-
YeCKMX IPOLECCOB MACO KOHCEPBOB MOXKET PUOOpPETaTh
TOPbKOBATbI MU CTTAJKOBATBIN IIPUBKYC.

HecmoTpss Ha BaXHOCTb PACKpPBITMA NPUYMH WJIN
IBVDKYIIEN CUJIBI IIPOLIecCOB TpaHchopManum 6emKoBoil
COCTaBJIAIOLIEN MACHBIX KYCKOBBIX KOHCEPBOB IIPM X
XpaHeHuy MHGOPMaLYA 10 JaHHOMY BOIIPOCY Ha CETOfi-
HA NpOTMBOpeuYrBa. VIMEHHO NPOTUBOPEUYNMBOI MOXKHO
CUNTATb IPEJIIONIOKeHNEe 3aPyOeXKHBIX U OT€4eCTBEHHBIX
Y4eHbIX 0 (pepMEHTATMBHOI IPUPOJe MPOLeCCOB IUAPO-
32 BBICOKOMOJIEKY/IAPHBIX O€/IKOB [0 TIeNTH/IOB ¥ aMM-
HOKUCIoT [7, 8].

MexaHU3M TUAPOIUTUYECKOTO PACILIEIVIEHNS XXIPOB
Msica TIPY TEIIOBOJ 00paboTKe XOpolIo M3ydeH. Bemu-
YJMHA KVUC/IOTHOTO YMCIA, B psAfe paboT, Ipenaranach
B KayecTBe KpUTepUsA, KOPPEIMPYIOLIEr0 ¢ OpraHOJel-
TUYECKVMI IOKa3aTe/IMM IIPY XPAHEHUM KOHCEPBOB.
OnHako, BBUAY OTCYTCTBYSA Y BBICIIMX XXVPHBIX KUCIOT
BBIPOXEHHOT'O BKYCa MJIU 3allaxa, UX HEelOCPeCTBEHHOe
B/IVsIHVE Ha OPraHO/MENTHYEeCKe XapaKTepUCTUKM IIPO-
IYKTa IPU3HAHO MAJIOBEPOSATHBIM [5, 6]. UTo >ke KacaeTcst
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5 years) depending on the type of consumer packaging.
This is conditioned by the hermiticity of consumer pack-
aging and absence of the contact with air oxygen, destruc-
tion of the active microflora and inactivation of the meat
enzyme systems upon product sterilization.

The complex and interconnected biochemical and
chemical processes of destruction of proteins, fats and vi-
tamins, including hydrolysis of the high molecular weight
compounds, oxidation of fat and protein substances, de-
struction of peptides and amino acids, formation of mel-
anoidins, low molecular weight organic and inorganic
compounds and other substances at different regimes of
thermal treatment of various meat products including
canned foods are studied quite thoroughly and systemized
in the works of the national and foreign scientists. As for
the dynamics of the above mentioned processes, which oc-
cur during storage of canned food products in pieces, some
experimental material has been accumulated in this field
to date, which allows discussing this issue in more detail.
For instance, Gunther H. [2] and Hottenroth B. [3], when
studying the abiotic processes occurred during storage of
canned meat, paid attention to the correlation between the
organoleptic characteristics of canned foods and the ami-
no acid composition of muscle tissue. The more profound
study of the composition of the low molecular weight com-
pounds using the methods of gel filtration and thin layer
chromatography showed that the polypeptide pool in the
contents of canned foods was in the dynamic condition;
that is, disappearance of some polypeptide fractions was
accompanied with the appearance of others. This suggests
the continuous occurrence of the processes of protein hy-
drolysis to polypeptides and polypeptides to free amino
acids in canned meat during storage, which is confirmed
by the works of the national scientists [4, 5, 6]. The pro-
cesses of protein hydrolysis are significantly responsible for
deterioration in quality of canned foods stored for a long
time. In particular, meat can acquire bitterish or sweatish
off-taste as a result of the proteolytic processes.

Despite an importance of elucidation of the reasons
and driving forces of the transformation processes in the
protein constituent of canned meat in pieces during stor-
age, the information on this issue is contradictory to date.
In particular, the hypothesis of the foreign and national
scientists about the enzyme nature of the process of hydro-
lysis of the high molecular weight proteins to peptides and
amino acids [7, 8] can be considered contradictory.

The mechanism of the hydrolytic degradation of meat
fats at thermal treatment is thoroughly studied. In several
works, the acid value was proposed as a criterion correlat-
ing with the organoleptic indicators during canned food
storage. However, due to the absence of the pronounced
taste and odor in higher fatty acids, their direct influence
on the organoleptic characteristics of a product is recog-
nized as unlikely [5, 6]. As for the changes in the fatty acid
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M3MEHEHNs XMPHOKUCIOTHOTO COCTaBa JUIUIOB B IIPO-
1[ecce XpaHeHMsI MSCHBIX KOHCEPBOB, TO MHMOPMALINK TIO
ITAaHHOMY BOIIPOCY He[JOCTaTOYHO.

Ha ceromHsAmIHuiT TeHb UCCIETOBaHUs, KacaoU[/ecs
OVHAMUKN OKUCIUTETbHO-BOCCTAHOBUTEIBHOTO TIOTEH-
1LMasIa CICTeM M eT0 B3ayIMOCBSI3M C IIPOLjeccaMi JeCTPYK-
1y 6€KOB U XMPOB KOHCEPBOB P X XpaHeHuu dpar-
MEHTAapPHBI U He CYCTEeMAaTH3MPOBAHBI, YTO MOJYEePKMBAET
aKTya/IbHOCTb UCCTIEIOBAHNII B JAaHHOM HaIlpaB/ICHNUN.

Marepuanbl U METOAbI

B xauecTBe 00'beKTa MCCIENOBAHNIT OBV B3ATHI MC-
Hble KYCKOBble KOHCepBbl «lOBA/IMHA TyIIeHas BbICIINIA
copt» 1 «CBMHMHA TylLIeHasA BBICIINI COPT», U3TOTOBJIEH-
Hble 110 TPaAMIVIOHHBIM peXMMaM CTepMIM3aluU U 3a-
JIOKeHHbIe Ha XpaHeHue pu Temneparype 37 °C 1 oTHO-
CUTEbHON BIQXXKHOCTM BO3AyXa He 6omee 75%. Boibop
TAKOJi TeMIIEPATYyPhl CBA3aH C IPMMEHEHEM YCKOPEHHOI
METOJIMKM MCCTIefl0BaHMA KOHCEPBOB IIPY XpaHEHUI.

Vsmepenns sennuus Eh nposogun va npu6ope FE20
mBetapckont pupmer METTLER TOLEDO.

B paboTe 1cronb30BaHbl CIEAYIOIVe METOABI OIIpefie-
TIeHU:

— BemmuyH nepekucHoro (ITY) uncna >xupa — no FOCT

P 54346, xkucnoraoro (K4) yncina — no TOCT P 50457;
— 3HavyeHWiT TmMobapburyposoro umcna (TBY) — mo

T'OCT P 558105
— JKMPHOKMCTIOTHBIN COCTaB TUINIOB — METOMIOM Ta30-

JKUJIKOCTHOI XpoMaTorpagun Ha nprubope Kpucramn

5000 (CKbB «Xpomatak», Poccus);

— cofiep)KaHMe CBOOOIHBIX aMMHOKMCIOT — MeTOJOM

BBICOKO9(GEKTUBHOM >KUKOCTHON XpomaTorpadumn

C JCHO/Ib30BaHMEM aBTOMATMYECKOTO aMUHOKMCIOT-

Horo a"ajm3atopa PMA GmbH, Aracus.

— copmep)xaHue aMMHO-aMMuadHoro azora — mo 'OCT

P 55479.

PesynbTarhl 1 MX 06CyXKAeHME

ITepen Hamu cTosi1a 3afiadya IIOTyYeHMS SKCIEPUMEH-
TaJIbHBIX JAHHBIX 10 BenmnuuHaM Eh u ¢pusmko-xnmunde-
CKMX ITOKa3aTelell KauecTBa KOHCEPBOB IIPU XPaHEHUU
VISl YCTAHOBJIEHVSI BO3SMOXKHO KOPPE/IALMOHHON MX 3a-
Bucumocty. Ha mepBom ararme paboTsl 6bI1a M3ydeHa -
Hamuka BenmnurH Eh u pH Byx HauMeHOBaHUII KOHCep-
BOB ITpy XpaHeHuu. [lorydeHHbIe pe3ynbTaTbl IPUBEREeHb
Ha pucyHKe 1.

Obpamjaer Ha cebs BHUMaHMe OO/IbIIAs pasHUIA
B 3HaueHUsAX Eh KOHCepBOB M3 rOBAAVIHBI U CBUHMHBI,
YTO CBSI3aHO C OOBEKTUBHBIMU PAa3TNIMAMU B 3HAYEHUSX
OKJC/INTETbHO-BOCCTAHOBUTE/IPHOIO IMOTEHIIMA/IA STUX
BUJIOB MsICa, BbI3BAHHBIMI B ECSATKM Pa3 OOMBIINM CO-
liep)kaHyeM TreMOBOTO IIMTMEHTa — MMOITIOOMHA U ero
okcu- 1 MeTa)opM B rOBsIiMHE, OCOOEHHO IMOTTYYeHHOI
OT CTapbIX XUBOTHBIX [, 9]. Ananus puuamuku Eh xoH-
CEpPBOB 13 TOBAAMHbBI II0OKa3aj YCTOMYMBBIN U IIJIABHbI
XapaKTep CHIDKEHUs 3HAYEHMIT IOKasaress. DTO CBUJe-
TE/IbCTBYET, YTO CO BpeMeHeM XPaHeHMS OKUCIUTEeTbHO-
BOCCTaHOBUTE/bHbIE TIPOIECCHl B KOHCEPBaxX U3 TOBSIIMN-
HBI CMEIAIOTCA B CTOPOHY OKVCTIUTE/IbHBIX.

Yro e KacaeTcsl KOHCEPBOB M3 CBMHVHBI, TO JUHAMI-
Ka BemunHbl Eh MeeT [iBa 4eTKO BbIpa>KeHHBIX ITEPUOJA.
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composition of lipids during canned meat storage, the in-
formation on this issue is insufficient.

To date, the investigations regarding the dynamics of
the redox potential of the systems and its relationship with
the processes of protein and fat destruction in canned
foods during storage are fragmented and not systemized,
which highlights the topicality of the investigations in this
direction.

Materials and methods

The canned meat products in pieces «Stewed beef of
the top grade» and «Stewed pork of the top grade» pro-
duced by the traditional sterilization regimes and stored
at a temperature of 37 °C and relative humidity of air not
more than 75 % were used as the subjects of research. The
choice of this temperature is associated with the use of
the accelerated method of canned food analysis during
storage.

The changes in the Eh values were measured using the
FE20 instrument from the Swiss company METTLER
TOLEDO.

The following methods of measurement were used in
the work:

— peroxide values of fat under GOST R 54346, acid values
under GOST R 50457;

— thiobarbituric acid (TBA) values under GOST R 55810;

— fatty acid composition of lipids by the method of gas-
liquid chromatography on the apparatus Cristal 5000
(SKB Chromatec, Russia);

— free amino acid content by the method of high perfor-
mance liquid chromatography (HPLC) using the auto-
matic amino acid analyzer PMA GmbH, Aracus;

— amino-ammonia nitrogen content under GOST R 55479.

Results and discussion

We set the task of obtaining the experimental data on
the Eh values and physico-chemical indicators of canned
food quality during storage to establish their possible
correlation. At the first stage of the work, we studied
the dynamics of Eh and pH values of two canned food
items during storage. The obtained results are given in
Figure 1.

Attention is drawn to the big difference in the Eh values
in canned food products from beef and pork, which is as-
sociated with the objective differences in the values of the
redox potential of these types of meat caused by the sig-
nificantly higher content of the heme pigment, myoglobin,
and its oxi- and meta- forms in beef, especially, from old
animals [1, 9]. The analysis of the Eh dynamics in canned
beef showed a stable and smooth character of a decrease
in this value. This suggests that the reduction-oxidative
processes in canned beef are shifted towards the oxidative
ones during storage.

As for canned pork, the dynamics of Eh value has two
clearly manifested periods. The first period (up to 6 months
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Figure 1. Dynamics of the values of the redox potential in the canned foods during storage
Puc. 1 ,HI/IHaMI/IKa BEMNYMH OKUCIUTE/IPHO-BOCCTAHOBUTEIbHOTO IMTOTEHI[MIa/Ia KOHCEPBOB IIPpY XpaHEHUN

IlepBbIit — 10 6 MecsALEeB XpaHEeHN A, KOTOPbI XapaKTepy-
3yeTcsl POCTOM 3HaueHMII I0Ka3aTesIs ¥ CBUETe/IbCTBYET
0 TpeobnajaHNy BOCCTAHOBUTEIBHBIX IPOLEcCOoB. Tak
4yepe3 6 MecsleB XpaHeHus BemmuuHa Eh Beipocna B 2,3
II0 CPAaBHEHMIO C COOTBETCTBYIOIIMM IIOKa3aTe/leM KOH-
CepBOB I10C/Ie IIPOM3BOJICTBA.

Bropoit nepuop — no 10,5 MecALieB — CONpOBOXK/A-
eTcsi CHIDKeHueM 3HadyeHmit Eh, uto cBuperenbcrByer
0 CBUTE IIPOLIECCOB B CTOPOHY OKMCleHus. Tem He Me-
Hee, noce 10,5 MecAneB XpaHeHs BeINYMHA Eh Ha14,3%
BbIIlle COOTBETCTBYIOLIEr0 3HAYeHM I TI0Ka3aTe/Isl KOHCep-
BOB IIOCJIe ITPOU3BOACTBA. [loyyeHHbIe ypaBHeHNA per-
peccun (cM. puc. 1) afileKBaTHO ONNCBHIBAIOT JUHAMUKY
BermmuyH Eh KOHCepBOB 13 TOBAAMHBI M CBUHUHBI B IIPO-
1jecce XpaHeHMs1.

OTMedeH pasHbIl XapaKTep M3MeHeHuA 1 BendnH pH
KOHCEPBOB IIpM XpaHeHuu. Tak B KOHCepBax U3 TOBSAN-
HBI Be/lMunHa pH pocia naaBHO U MOCTeIeHHO, IPUPOCT
coctaBui He 6oree 0,4 KoH1y 10,5 MecsAlleB XpaHEeHN;
B KOHCepBax 13 cBMHUHBI pH cHMsmica Ha 0,1. 9To MOXHO
OOBACHUTD TeM, YTO Be/M4MHy pH KOHCepBOB 13 TOBARN-
HBI OYIYT OIpeeNnATh CIabOleNOYHbIe VIN HelTpab-
Hble TIPOAIYKTHI NeCTPyKIMu 6e/ka, B KOHCepBax U3 CBMU-
HVHBI — CBOOOJIHBIE )KMPHBIE KUCIOTBL.

CrefyiommM 3TalloM UCCIEfOBaHMIT OBUIO M3ydeHUe
IVHAMMKM CyMMBbI CBOOOAHBIX aMMHOKMCIOT (XCBAK)
KOHCepBOB Ipu XpaHeHun. llomyueHHble pe3y/IbTaThl
NIPVBELECHBI HA PUCYHKE 2.

Anamus puHamuku copepxanusa XCBAK koncepsoB
13 TOBSAJVHDBI CBUIETENIbCTBYET O TOM, YTO 10 3 MecC. Xpa-
HEHMSI MMeEJI0 MeCTO PaBHOMEPHOE CHIDKEHME CYMMBbI
CBOOOJHBIX aMUHOKWC/IOT MCXOJHOTO ChIpbsi M 00paso-
BABIIMXCA NP CTepUIM3aLMM KOHcCepBOB. llanee mpo-
LjeCC pa3pyllieHNs AMUHOKIICIOT 10 HU3KOMOJIEKY/LAPHBIX
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of storage) is characterized by the growth in the values of
the indicator and suggests a prevalence of the reduction
processes. For example, after 6 months of storage, the Eh
value grew 2.3 times compared to the corresponding indi-
cator of canned foods after production.

The second period (up to 10.5 months) is accompanied
by a decrease in the Eh values, which suggests the shift
of the processes towards oxidation. Nevertheless, after
10.5 months of storage, the Eh value was 14.3 % higher than
the corresponding value of the indicator in canned foods
after production. The obtained regression equations (see
Figure 1) adequately describe the dynamics of the Eh val-
ues of canned beef and pork during storage.

Different characters of the changes in the pH values of
the canned foods during storage were also noticed. For in-
stance, in canned beef, pH value grew smoothly and grad-
ually; an increment was not more than 0.4 by the end of
the 10.5 months of storage. In canned pork, pH decreased
by 0.1. This can be explained by the fact that pH of canned
beef is determined by the weakly alkaline or neutral prod-
ucts of protein destruction, pH of canned pork by free fatty
acids.

At the next stage of the investigation, the dynamics of
the sum of the free amino acids (XFAA) in the canned foods
was studied. The obtained results are given in Figure 2.

The analysis of the dynamics of XFAA in the canned
products from beef suggests that a uniform decrease in the
sum of free amino acids of the initial raw materials and
those formed at sterilization of canned foods occurred up
to 3 months of storage. Then, the process of amino acid
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Figure 2. Dynamics of the sum of free amino acids in the canned foods during storage
Puc. 2. JunaMyka cyMM CBOOOZHBIX aMIHOKICTIOT KOHCEPBOB IIPY XPaHEHNI

COeVIHEeHMIT TMO0 3aTOPMaXXMBAETCs, MO0 IMEIOT MeCTO
[apajUle/IbHO IIPOTEKAlollVie MPOLeCcChl: IMEePBBIT — [e-
CTPYKUMA aMMHOKNC/IOT, BTOPOIl — HaKOIUIEHMEe CBO-
OOHBIX aMMHOKNC/IOT 3a CYeT JeCTPYKLUM HENTHUIOB
u 6enkoB. Takast KapTuHa HabMIOAETCs 0 7 MeCsIeB Xpa-
HeHys. Haumnas ¢ 7,5 MecsAleB XpaHeHUs, UMEET MeCTO
He3HaunTenbHbI pocT ZCBAK, 4To cBMaeTenbCcTByeT 06
yIIy6IeHNH 1eCTPYKTUBHBIX IIPOLIECCOB B Oe/Kax 1 Iel-
THUJIaX KOHCEPBOB.

XapakTep M3MeHEHUs COfiepKaHUsl CBOOOJHBIX aMM-
HOKMC/IOT B KOHCEpPBaX 13 CBMHUHBI 00Jiee CIO>KHBIN
U TIO3BOJISIET BBIJIE/IUTD TPY NMPYHIVUIINAIBHO PasHBIX Ile-
puopa. B nmepsom nepuone — 1o 4,5 MecAleB XpaHeHU:A
mnHamuka XCBAK orcyrcTBOBana, K 6 MecsAlaM MMes
MeCTO HEKOTOPBIII pOCT BeIMYMHBI IT0Ka3artessa. HaunHas
¢ 6 MecsLEeB U 10 9 MecsiLieB XpaHeHN s BKIIOYNTE/IbHO, Ha-
O/MI0/1a/ICsI MHTEHCUBHBINL POCT COIEPXKaHMsI CBOOOTHBIX
aMIHOKMCIIOT, YTO CBUJETETIbCTBYET O BBICOKOJ MHTEH-
CUBHOCTM IIPOLIECCOB JIeCTPYKLMY O€/IKOB M IIEITHUJIOB,
COIPOBOXK/JAIOIIMXCST  BBICBOOOXKIEHNEM aAMIHOKMUCTIOT.

JuHamMyKa copep)KaHusi aMUHO-aMMMAaYHOTO a30Ta
(AAA) B KOHCepBaXx, IIpeICTaB/IeHHAs HA PUCYHKe 3, co-
I7IaCyeTCsl ¢ 0OCOOEHHOCTAMU XOZa IPOLIECCOB [eCTPYK-
1y 6efKa ;O HUSKOMOJIEKY/LIPHBIX COeVHEHNIA.

CBu/ieTeIbCTBOM MPOTEKAHNUS IPOLIECCOB TpaHCPOp-
MalVu >KMpa CTY>KNUT AVHAMYKA NU3MEHEHM COflep>KaHNs
HACBIIEHHBIX, MOHOHEHACHIIIIEHHbIX U IIO/ITHEHACHIIIEH-
HBIX XVPHBIX KIC/IOT IpU XpaHeHMu KOoHcepBoB. Ilomy-
YeHHBIe Pe3y/IbTaThl NIPENCTAaB/IeHbl HA PUCYHKaX 4 u 5.

AHanu3s JaHHBIX CBUJETENbCTBYET O TMHETHOM XapakK-
Tepe M3MeHEHVsI Coflep>KaHmsi PPaKImil >KUPHBIX KUCTOT
IIpM XpaHEeHUY KOHCEPBOB U3 IOBSAAMHBI M CBUHUHBL [Ipn
3TOM B 000X HaMMEHOBAHWIX KOHCEPBOB OTMeYeH IIPU-
POCT JO/IM HACBILIEHHBIX >KMPHBIX KUCIOT IIPYU OJHOBpE-
MEHHOM CHIDKEHII CYMM MOHO- VM IIO/IVMHEHACBIIIeHHbIX
SKUPHBIX KMCIOT. VIHTepecHO, YTO BenM4YyMHa NPUPOCTa
COfiepyKaHMsI HACBIIIEHHBIX JXVPHBIX KIC/IOT, CBSI3aHHAs

30

destruction to the low molecular weight substances was
retarded or other processes occurred in parallel: the first
one was the destruction of amino acids; the second was
the accumulation of free amino acids due to the destruc-
tion of peptides and proteins. This picture was observed up
to 7 months of storage. After 7.5 months of storage, XFAA
slightly increased, which suggests deepening of the de-
structive processes in proteins and peptides in the canned
foods.

The character of the changes in the amino acid content
in canned pork is more complex and allows distinguishing
three principally different periods. During the first period
(up to 4.5 months of storage), the dynamics of ZFAA was
absent; by the 6™ month, the slight growth in the indicator
value was observed. Beginning from the 6™ month and up
to the 9™ month of storage, inclusive, the intensive growth
in the amino acid content was observed suggesting the
high intensity of the protein and peptide destruction pro-
cesses, which were accompanied by the release of amino
acids.

The dynamics of the amino-ammonia nitrogen (AAN)
content in the canned foods presented in Figure 3 is con-
sistent with the peculiarities of the process of protein de-
struction to the low molecular weight compounds.

The dynamics of the changes in the content of saturated,
monounsaturated and polyunsaturated fatty acids during
canned food storage is indicative of the processes of fat
transformation. The obtained results are presented in
Figure 4 and 5.

The analysis of the data suggests the linear character
of the changes in the content of the fatty acid fractions
during storage of the canned foods from beef and pork.
With that, an increase in the proportion of saturated fatty
acids and a concomitant decrease in the sum of mono- and
polyunsaturated fatty acids were observed in both canned
food items. It is interesting to note that the value of an
increase in the saturated fatty acid content associated with
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Figure 3. Dynamics of the total amount of amino-ammonia nitrogen (AAN) in the canned foods
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Figure. 4. Dynamics of the fractions of fatty acids in canned beef during storage
Puc. 4. Tlunamuka Gppakiuii >KUPHBIX KIUCTOT KOHCEPBOB U3 TOBAMMHBL IPY XPAHEHIH

C MPOLECCOM BOCCTAHOBJIEHNA MOHO-U IIOJIMHEHACHIIIEeH-
HBIX KUCIOT, OfIMHAKOBA /i1 KOHCEPBOB U3 TOBANVHBI
U CBMHMHBI U COCTaBWIA B cpegHeM 6%. CHIDKeHMe Jonn
MOHO- ¥ IIO/IVHEHACBIIEHHbIX >KUPHBIX KHUCIOT B KOH-
cepBax U3 CBVHMHbBI VHTEHCUBHEE, YeM B KOHCEpBaX U3
TOBSIVHDI I, B CpeIHEM, cocTaBysAeT 4,5-5,6% cooTBeTCT-
BEHHO. J[/I1 KOHCEPBOB 13 TOBSAVHBI YObIIb MOHO- 1 IIO-
JIMHEHACBIIEHHBIX XXVPHBIX KUCIOT cocTaBuia 1,1-1,6%.
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the process of reduction of mono- and polyunsaturated
fatty acids was the same for canned beef and canned
pork and was equal to 6% on average. A decrease in the
proportion of mono- and polyunsaturated fatty acids in
canned pork was more intensive than in canned beef and
was on average 4.5-5.6%, respectively. For canned beef,
a decrease in mono- and polyunsaturated fatty acids was
1.1-1.6%.
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BriBog b1

HaxomyeHa 6a3a HOBBIX 3HAaHMII IO JVHAMMKE BeN-
unH Eh MACHBIX KycKoBBIX KOHCepBOB «loBAAMHA TY-
HIeHas BBICIINIT COpT» U «CBMHMHA TylLIeHas BbICIINIA
COpT», 3a/I0KEHHBIX Ha XpaHeHMe IIpU TeMIlepaType
37°C.

. Ilomy4eHbl aHamUMTUYECKUE 3aBUCUMOCTH, a[JeKBaTHO
omnucebiBaoiye auHamuky BenmryauH Eh, pH, copeprka-
HYA CBOOOJHBIX aMUHOKVC/IOT U aMMHO-aMMMA4YHOTO
asora B 0Oe/IKaX, HACBIIEHHBIX, MOHO- U IIOJITHEHACHI-
LIeHHBIX )XMPHBIX KMC/IOT B )KMPaX KOHCEPBOB 13 T'OBs-
IVHBI M CBUHMHBI B Ipoliecce XpaHeHus. [Tonyuennnle
9KCIIepMMEHTa/IbHble MaTepyasbl Ha CerONHAIIHMI
IleHb ABJIAI0TCSA HOBBIMIUL.

. Ilo xapaxTepy mameHenus sHaueHuit Eh MsCHBIX Ky-
CKOBbBIX KOHCEPBOB U3 TOBSIMHbBI ¥ CBUHMHBI MOYKHO
CYAUTD ¥ O XapaKTepe IPOTEKAHUA IIPOLECCOB OKIC-
JIEHMs WM BOCCTAHOBJIEHMS OCHOBHBIX COCTAaBJIAIO-
IIMX IPOAYKTA.
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Conclusions

A database of new knowledge on the dynamics of
the Eh values in the canned meat products in pieces
«Stewed beef of the top grade» and «Stewed pork of the
top grade» stored at a temperature of 37°C was accu-
mulated.

. 'The analytical dependences were obtained, which ade-

quately describe the dynamics of the Eh and pH values,
the content of free amino acids and amino-ammonia
nitrogen in proteins, saturated, mono- and polyunsatu-
rated fatty acids in fats of canned beef and canned pork
during storage. To date, the obtained experimental ma-
terial is new.

. 'The character of occurrence of the oxidation and reduc-

tion processes in the product main constituents can be
judged from the character of the changes in the Eh val-
ues in canned beef and pork in pieces.



2016 | N°2 TEOPUS1 N NPAKTUKA NEPEPAGOTKWU MSICA

BUBJINMOTPA®UYECKUN CIIMCOK

1. KpbinoBa B.b. OKUCAUTEAbHO-BOCCTaHOBUTEAbHbIW MOTEHLU-
aA Kak 6apbepHbIit GaKTop B TEXHOAOTMU MSACHbBIX U MACOPaCTH-
TeAbHbIX KOHcepBoB (YacTb 1).Bce o msace. 2015; 5: 28-31.

2. Gunther H.0. Probleme bei der herstellung von rindfleisch
konserven / H.O. Gunther // Zeitschrift fur Lebensmittel-Unter-
suchung und-Forschung. 1975; 158(9): 18-21.

3. Hottenroth B. Erfahrungen bei Langzeit — Lagerversuchen
mit Leben smitteln / B. Hottenroth // Deutsche Lebensmittel-
Rundschan. 1966; 2: 44-47.

4. OpeuwkuH, E.®., Kpoxa 0.A., YctuHoBa A.B. KoHcepBupoBaH-
Hble MACONPOAYKTbl. — M.: Aerkas v nuiieBas NPOMbILLIAEHHOCTb,
1983.—216 c.

5. OpewkuH B.®. CHMWKeHMe KauecTBa MACHbIX KOHCEpPBOB
npu xpaHeHuu: 063opHasa unpopmauua- M.: ArpoHUUTIUMMIN,
1992. —24 c.

6. AucuupiH A.B., CmeTaHnuHa A.B., KocteHko HO.T., TyTHuk B.E.,
YepHyxa U.M., 3axapoB A.H. CoBpemeHHble acneKTbl TENAOBOro
KOHCepBUpOBaHUA MAconpoAaykToB/Mop obwein pepakuuen Au-
cuupbiHa A.b. — M.: BHUUMI, 2007. — 576 c.

7. Board P.W. Problems of stability of canned foods-enzyme
aspects. International konservenkongre, 1961: 39.

8. Kas J., Rauch P., Denmerova K., Sebesta J. Proteolytishe
Activitaten in Fleischkonserven. Journal Lebensmittel Unters.
Forschung, 1982; 169: 271.

9. NartpakoBa WU.C., l'ypuHoBuu I.B. OKUCAUTEAbHO — BOCCTaHOBU-
TeAbHbI MOTEHUUaA MACHOW cuUcTeMbl.COOPHUK HayuHbIX paboT

«TeXHUKa U TEXHONOTUA MULLEBbIX NPou3BoAcTB». 2007: 116-118.

CBEJEHIA Ob ABTOPAX
IIpuHagIeXHOCTh K OpraHNU3 AN

Kpbinoa BamenTuna BopncoBHa — [OKTOp TeXHMYECKMX HayK,
npodeccop, BeAyyit HaydHBI COTPYRHMK, Bcepoccmitckuii Ha-
Y4YHO-MCCNIEIOBATENIbCKMIT  MHCTUTYT MSACHON  IIPOMBILIJIEHHOCTI
uM. B.M.Top6arosa, 109316, MockBsa, Tananuxusa, 26
Ten.: 8 495 676-74-01
E-mail:krylova-vniimp@yandex.ru

Kpurepun aBropcra
OTBETCTBEHHOCTb 32 PabOTy M IPeOCTaB/IeHHbIE CBEfeHNs HeceT
BCe aBTOP M HeCeT OTBETCTBEHHOCTD 32 IIJIaryaT.

Kondmukr nnrepecos
ABTOD 3a5B/IA€T 00 OTCYTCTBUM KOH(IMKTA HTEPECOB.

ITocrynmna 06.06.2016

33

REFERENCES

1. Krylova V.B. Redox protential as a hurdle factor in the
technology of meat and meat-and-plant canned foods (Part 1). All
about meat. 2015; 5:28-31.

2. Gunther H.O. Probleme bei der herstellung von rindfleisch
konserven / H.0. Gunther // Zeitschrift fur Lebensmittel-Unter-
suchung und-Forschung. 1975; 158(9): 18-21.

3. Hottenroth B. Erfahrungen bei Langzeit — Lagerversuchen
mit Leben smitteln / B.Hottenroth // Deutsche Lebensmittel-
Rundschan. 1966; 2:44-47.

4. Oreshkin, E.F., Krokha Yu. A., Ustinova A.V. Canned meat
products. — M.: Light and Food Industry, 1983.- 216 pages.

5. Oreshkin E.F. Deterioration in quality of canned meat dur-
ing storage: Review information — M.: AgroNIITEIMMP, 1992. —
24 pages.

6. Lisitsyn A.B., Smetanina L.B., Kostenko Yu. G., Gutnik B.E.,
Chernukha .M., Zakharov A.N. Modern aspects of thermal con-
servation of meat products /Under the general editorship of Lisit-
syn A.B. — M.: VNIIMP, 2007. — 576 pages.

7. Board P.W. Problems of stability of canned foods-enzyme as-
pects. International konservenkongre, 1961: 39.

8. Kas J., Rauch P., Denmerova K., Sebesta J. Proteolytishe
Activitaten in Fleischkonserven. Journal Lebensmittel Unters.
Forschung, 1982; 169: 271.

9. Patrakova I.S., Gurinovich G.V. Redox potential of a meat
system. Collection of Scientific Works «Technique and technology
of food productions». 2007: 116-118.

AUTOR INFORMATION
Affiliation

Krylova Valentina Borisovna — doctor of technical sciences, pro-
fessor, academician of the Russian Academy of Sciences, , leading re-
search scientist, The V.M. Gorbatov All-Russian Meat Research Insti-
tute, 109316, Moscow, Talalikhina str., 26
Ph.: 8 495 676-74-01
E-mail: krylova-vniimp@yandex.ru

Contribution
Author have responsibility for the information in manuscript and are
equally responsible for plagiarism.

Conflict of interest

The author declare no conflict of interest.

Received 06.06.2016



THEORY AND PRACTICE OF MEAT PROCESSING N°2 | 2016

YIK/UDC: 619:614.31:637.5

DOI 10.21323/2114-441X-2016-2-34-41

IDENTIFICATION OF THE MICROBIOLOGICAL RISKS
OF CONTAMINATION OF CATTLE AND PIG CARCASSES
WITH PATHOGENS AT SLAUGHTER AND PROCESSING

NOEHTUNOUKALINA MUKPOBUNOJIOTUYECKUX PUCKOB
KOHTAMMHAIINN TYII KPYIITHOT'O POTATOI'O CKOTA
N CBUHEN ITATOTEHHBIMU MUKPOOPTAHU3MAMU
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KiroueBble cmoBa: muxpobuonozuueckue pucku, y6oii u nepe-
pabomxa KpynHoeo pozamozo ckoma u céuHetl, KOHMaMUHAUUS
nosepxHocmu myut, mukpoopearusmot pooa Salmonella, Listeria,
Listeria monocytogenes, canumapHvle cmaHoapmovle onepayu-
OHHbIE NPOUEDYPUL.

Annomauus

B Oannoti cimamve onpedensiiomcs pucku KOHMamMuHAyUuu namo-
2EHHBIMU MUKPOOP2AHUSMAMU YUl KPYNHO20 PO2amniozo cKkoma
U céuHell HA PA3TUMHBLX Imanax ux y6os u nepepabomuu. Jns
YCIMAHOBNIEHUA KPUMUYECKUX MOHeK NPOoSedeHbl UCCIe008aHUS
maca (8 mywax, norymywax u ompyoax) u MAcHoix nonyga-
6pukamos u3 20850UHbL U CUHUHbL HA HATUYUE MUKPOOped-
Husmos pooa Salmonella, Listeria u 6axmepuii éuda Listeria
monocytogenes 6 00pa3uax, 0mMoOPaHHbLIX OeCPyKIMUBHbIMU
(u3 enybunvl) u HedectnpyKmusHoIMU (C NOBEPXHOCIU) Mermo-
damu. Yemarnoeneno, umo eny6okue crou MACHbIX 0mpy6os u3
208510UHDL U C6UHUHDL He 0OCeMeHeHbl MUKPOOP2AHUSMAMU POOa
Salmonella u 6axmepusmu éuda L.monocytogenes. OdHako 6vi-
A67IEHA KOHMAMUHAUUS NOBEPXHOCU MYyUd U NOTYMyUd Kpyn-
HO20 poeamozo ckoma u céuneii 6axmepusmu pooa Salmonella
u L.monocytogenes na smanax coemKu wikyp u u3enedeHus u3
myus eHympennux opeanos. Cyxoli u MOKpwili myanem myu
U NOZYMYWL He CHOCOOCIMBYem CHUNEHUID UX 00CeMEHEHHOCU.
Jannviti pakm s61s1emcs npuduHoli KOHMAMUHAUUU MACHbIX
nonydabpukamos (Menkokyckosvix u gpapuiesvix), 4mo 06vino
YCMAaH0671eHO NPU UCCTIE008AHUU.

BBenenue

CeropHa B Poccyn, B yClmoBUAX S5KOHOMMYECKUX CaHK-
IVi ¥ VIMIOPTO3aMelleHNs, TIPOYCXOAUT CTUMY/IMpPOBa-
HIe POCTa IIPOM3BOJCTBA OCHOBHBIX BUIOB CETbCKOXO3 -
CTBEHHOJI NPOAYKLVM ¥ INIIEBBIX HPORYKTOB. B cBA3M
C 9TUM, OfIHOJI 3 IJIABHBIX 3ajiay ABJIAETCA obecredeHne
KayecTBa M 0E30IIaCHOCTY BBIITYCKaeMOTO IPOIOBOJIbCT-
B, OL[EHKA €r0 CTaOVM/IbHOCTH, B TOM 4MCIIe I B MUKPOOM-
OJIOTMYEeCKOM I/IaHe, Ha BCeX 3TaIlaX IPOU3BOJCTBA.

MHorue Bo36yguTeNny nuiieBble MHQEKINI, MUPOKO
pacrpocTpaHeHHble B NIPUPOJE — B IOYBE, BOJE, >KM-
BOTHBIX 1 PACTEHMAX, IIONA/IAI0T Ha IlepepabaThIBatoLIe
IpefIpuATA BMecTe ¢ chipbeM. HekoTopble n3 HUX cro-
COOHBI BBDKIBATD B TeYeHME JINTeIbHOTO BpeMeHn. Ha-
npumep, Listeria spp. BBDKMBAIOT OT 24 4 10 HECKOJIbKUX
MecsilieB, MUKpOOpraHusMsl popa Salmonella ot 6 4 po
4,0 et [1, 2].

HeynosneTBopuTenbHble yCIOBYUA IONy4YeHM, Iep-
BUYHOI O0OpabOTKM ¥ XpaHEHMS ChIpbs CTAHOBATCA
OCHOBHOJI IPUYMHO} MHTEHCHBHOTO HAaKOIUIEHVS M-
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genera Salmonella and Listeria, Listeria monocytogenes, sanita-
tion standard operating procedures.

Abstract

In this work, the risk of contamination of cattle and pig carcasses
with pathogens at different stages of their slaughter and process-
ing was assessed. The analysis of meat (carcasses, half carcasses
and cuts) and meat semi-prepared products from beef and pork
for the presence of the microorganisms of the genera Salmonella
and Listeria, and Listeria monocytogenes in the samples taken
by the destructive (from the depth) and nondestructive (from the
surface) methods was carried out to determine the critical points.
It was found that the deep layers of beef and pork cuts were not
contaminated with the microorganisms of the genus Salmo-
nella and L.monocytogenes. However, surface contamination of
cattle and pig carcasses and half-carcasses with Salmonella and
L.monocytogenes was revealed at the stages of hide removal and
evisceration of the carcasses. Dry and wet cleaning of carcasses
and half-carcasses did not facilitate the reduction of contamina-
tion. This fact is the cause of contamination of meat semi-prepared
products (small-sized and minced), which was established during
the study.

Introduction

Nowadays, in Russia, in the conditions of the economic
sanctions and import substitution, the stimulation of the
growth in production of the main types of agricultural and
food products can be seen. In this connection, one of the
main tasks is assurance of quality and safety of manufac-
tured food products, and assessment of their stability, in
particular, from the microbiological point of view, at all
stages of production.

Many causative agents of food infections, which are
ubiquitous in the environment (in soil, water, animals and
plants), enter processing plants with raw material. Some
of them are capable of surviving during the long period of
time. For example, Listeria spp. survive from 24 hours to
several months, the microorganisms of the genus Salmo-
nella from 6 hours to 4.0 years [1, 2].

Unsatisfactory conditions of production, primary
processing and storage of raw material are becoming the
main reason for intensive accumulation of a wide range
of conditionally pathogenic and pathogenic microflora,
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POKOIO CIEKTpa YCIOBHO-IIATOT€HHOV ¥ IIATOTEHHOI
MUKpPO(IOpEl, Ha POHE KOTOPOTO BO3MOXKHO IIPUCYTCT-
Ble Hanbosiee OMACHBIX BO30OYAUTe/Iell MUIeBbIX NHPeEK-
L, B TOM 4IJICTIe CATbMOHEN, L.monocytogenes u fip.

B Mmsce MakcuMaIbHasg MUKPOOMOIOrNYecKasi Harpys-
Ka OOBIYHO IPUXOAMTCS HA €r0 IOBEPXHOCTD, a B ITTy0O-
KJIX CJIOSIX OHA HeBeJIMKa VI Boob1te oTcyTcTByeT. OfHa-
KO, IIPU IIPOM3BOJCTBE METKOKYCKOBBIX ITONTy(pabpuKaTOB,
MIOBEPXHOCTHAasE MUKpOQIOpa MsAca MOXeT paclpefie-
JIATBCA 110 BceMy 00'beMy IPOAYKTa.

B cBoM0 04epenb, OTKIOHEH)E OT TPAAMIVMOHHON TeX-
HOJIOTMI ¥ BHEfIpEHMe HOBBIX, IIOPOil HEZOCTATOYHO W3-
Y4YEeHHBIX CIIOCO60B 00pabOTKM CHIPBS, YIIAKOBKYU U Xpa-
HEHUA IPOAYKTOB 1 NOTyPabpUKaTOB SABIAIOTCA He MeHee
BOXHBIMM (PaKTOpaMM pUCKA Pa3MHOXXEHUA PasINIHbIX
[aToreHos [3].

KonTaMmHanusa moBepxXHOCTY TYILI MUKPOOPILAaHU3-
MaMJ IPOUCXOAUT Ipu yOoe u nepepaboTKe >XMBOTHBIX.
Hampumep, B MOMEHT OTpbIBa WIKYpbl OT TYLIM BO3-
AyX yOOJHO-pa3[e/IOYHOro 1ieXa HAIIOMHAETCA IBIIbIO
U TPs3bI0, @, COOTBETCTBEHHO, I MUKPOOPraHM3MaMI,
KOTOpbIe BIIOC/IEACTBUY OCAKJAIOTCSA HA IIOBEPXHOCTHU
Ty [4].

/3BecTHO, 4TO Ha 1 CM” BOJIOCSTHOTO MOKPOBA KPYITHO-
TO pOraToro CKoTa cofiep>xnrcs o 7,0 -10° Muxpoopranms-
MOB, cBuHell — 10 6,010 KOE. C moBepXHOCTM KO>KHOTO
MIOKPOBA CBVHEN ObIIM BBIfIeJIEHBI Ca/IbMOHE/IBI B 26 %
cny4daes, E.coli — 60%, cmopoBble THUIOCTHBIE GaKTe-
pun — 100 % crygaes. Hanbosnbiras creneHb MUKpOOHO-
ro 06ceMeHeH Vs KO)KHOTO IIOKPOBa XMBOTHBIX OTMeYaeT-
CsI OCEHBIO U BeCHOIT [5].

Ob6cemMeHeHMe BHYTPeHHEN OBEPXHOCTY TYLI MOXKET
IIPOMCXOANTD B IIpOIlecce M3BIeYeHNA BHYTPEHHNX Opra-
HOB IIpY HApYIIEHMM Le/IOCTHOCTHU >KeTyJOYHO-KUIIed-
HOTO TPAKTa J IpY HeIIPaBI/IbHOI BbIEMKe IIPSIMOIL KIIII-
K1 (IIPOXOIHMKA).

IlepeHOC MUKpPOOPraHM3MOB C 3arpsAI3HEHHBIX Y4acT-
KOB IIOBEPXHOCTY TYI (aXV/IOBBI CYXOXKIINSA, OpIOLIHAS
CTEHKa, TPy/iNHA) Ha Te, Tfie VX 10 3TOJ TeXHOTOTMYeCKOl
olepanyy He BbIABIAIM (OOKOBas, rpyfjHas CTEHKA) Ha-
6/mofjae TCSA IpY 3a4MCTKE TYII, 0COOEHHO ¢ IPUMEHeHVeM
BOJIBL.

C moBepxHOCTM B TIy0OKuMe ciom Msca OaKTepun
IIPOHMKAIOT C Pa3HON CKOPOCTbIO, KOTOpasA 3aBUCUT OT
BJIAKHOCTH, TeMIIepaTypbl, HAIMYUA U LeTIOCTHOCTY KO-
POYKM TOACBIXaHUA Ha Tyule u gp. Hampumep, Mukpo-
opranusMsl poga Salmonella MOryT IpOHUKATDh Ha INIy-
6uHy 14 cM 3a 24 4 Ipy KOMHATHOJ TeMIlepaType, HO Ipn
temieparype 2-4 °C MHTEHCUBHOCTb NPOHMKHOBEHU:A
Pe3KO CHIDKAeTCs M COCTaBIseT He Ooee 1 cM B TedeHMe
Mecsna [6].

JanpHeiimas nepepaboTka KOHTAMUHIPOBAHHOTO T1a-
TOT€HaMM MACHOTO ChIPbs B 3aBUCHMOCTI OT YC/IOBUII €T0
nepepaboTKM YpeBaTo MONajiaHNeM BO30yUTeNd B TOTO-
Bble IIPOAYKTHI, 00yC/IaB/IMBas BBICOKYIO CTEIeHb PUCKa
I/ TOTpeOuTersI.

Llenblo Hamteit paGOTLI AB/IAIACH UACHTU(DUKAINA MU-
KpOOMO/IOIMYeCKNX PUCKOB KOHTAaMMHAIMY TYII KPYII-
HOTO pOTraToro CKOTa M CBMHeN IIaTOTeHHBIMI MUKPOOP-
raHM3MaMy Ha 3Tamax y0os M mepepaboTKM KPYIIHOTO
poraToro cKoTa u CBUHEIL.
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on which background the presence of the most hazardous
causative agents of food infections, including Salmonella,
L.monocytogenes and others, is possible.

In meat, the maximum microbiological load usually
falls on its surface, while in the deep layers it is low or ab-
sent. However, upon production of small-sized semi-pre-
pared products, surface microflora of meat can be distrib-
uted throughout a product volume.

In turn, a deviation from the traditional technology
and introduction of new, sometimes insufficiently studied
methods of raw material processing, packaging and stor-
age of products and semi-prepared products is an equally
important risk factor of proliferation of different patho-
gens [3].

Contamination of carcass surfaces with microorgan-
isms happens during animal slaughter and processing. For
example, at the moment of hide separation from a carcass,
the air in the slaughter and dressing shop is filling with
dust and dirt, and consequently, with microorganisms,
which then settle on carcass surfaces [4].

It is known that 1 cm? of cattle hair contains up to 7.0-10*
microorganisms, pig hair up to 6,0-10° CFU. On the skin
of pigs, Salmonella was detected in 26%, E.coli in 60 % and
sporeforming spoilage bacteria in 100% of cases. The high-
est degree of microbial contamination of animal skin was
observed in autumn and summer [5].

Contamination of the internal carcass surface can oc-
cur during the process of evisceration upon damage of the
integrity of the gastrointestinal tract and improper remov-
al of back gut.

Carryover of microorganisms from the contaminated
areas of carcass surfaces (Achilles tendon, abdomen wall,
sternum) to the surfaces, where contamination was not re-
vealed until this technological operation (side, chest wall),
is observed during carcass cleaning especially when using
water.

Bacteria penetrate from a surface to the deep layers of
meat with different speed, which depends on moisture,
temperature, presence and integrity of a dry crust on a car-
cass and so on. For example, microorganisms of the genus
Salmonella can penetrate to the depth of 14 cm for 24 hours
at room temperature, but at a temperature of 2-4°C the
intensity of penetration sharply decreases and is not more
than 1 cm a month [6].

Further processing of meat raw material contaminated
with pathogens depending on the conditions of its pro-
cessing is fraught with contamination of finished products
leading to the high degree of risks for consumers.

The aim of our work was to identify the microbiological
risks of cattle and pig carcass contamination with patho-
gens at the stages of cattle and pig slaughter and process-
ing.

To achieve the stated goal, the following tasks were set:
Monitoring of surfaces of cattle and pig carcasses at
different stages of animal slaughter and processing, as
well as meat and semi-prepared products from beef and
pork for the presence of the microorganisms of the gen-
era Salmonella and Listeria, and L.monocytogenes.

Analysis and identification of the risks of contami-
nation of cattle and pig carcasses with the micro-
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[/ MOCTVOKEHMSI TTOCTAB/IEHHOI 1Ie/n ObUTH oTIpeie-
JIeHBI CTIeAYIOIIVIE 3aauL:
1. IlpoBeseHMe MOHUTOPMHIA IOBEPXHOCTY TYLI KPYII-
HOTO POTaToro CKOTa M CBUMHEN Ha Pa3/IMYHBIX Tarax
y60s1 11 mepepabOTKY XMBOTHBIX, @ TAKXKe MsCA 1 MsC-
HBIX NOTy(pabpUKATOB M3 TOBAAMHBI ¥ CBUHVHBI Ha
Ha/IM4me MUKPOOPraHn3MoB popaa Salmonella, Listeria
u 6akrepuit Buna L.monocytogenes.
Ananmus m upeHTUGUKAUMS PUCKOB KOHTaMUHAIL[NU
TYII KPYIIHOTO POraToro CKOTa M CBMHENl MUKPOOp-
raHusMamu popa Salmonella, Listeria n 6akrepusammu
Bujia L.monocytogenes.

Marepuanbl 1 METOMbI

O6bekTaMu UCCIeOBAHI AB/IAICH TOBSINHA, TIOTTY-
YeHHas OT 5 TPYIIN )KMBOTHBIX U CBUHIHA, IIOTy4eHHAs OT
1 Tpynmel B TyIIAX, IOTYTyHIaX U oTpy6ax; momydabpu-
KaTbl MsCHBIE: MEIKOKYCKOBBIe 1 pyOieHble. B kaxpjoi
TpyIIIe MCCIeOBAHbI TYILIN OT 5 KMBOTHBIX.

Ot60p, MOATOTOBKY HpOO6 ¥ MUKpOOMOTIOrMyecKue
uccnefoBanus nposoguau B coorserctsuy ¢ OCT ISO
7218-2011 [7]; TOCT 31904-2012 [8]. O160p 11po6 (cMbi-
BOB) C TYII, IOJYTYII KPYITHOTO POTaToro ckora (fjanee
KPC) u cBuneit nposopgumu cormacko 'OCT P MCO
17604 [9]. st obecrniedenns IpeCTaBUTEIbHOCTY IIPOO,
Hanbosee IOJTHO 1 JIOCTOBEPHO XapaKTepPU3YIOLMX MMU-
KpoOHOe 3arps3HeHMe TYII, CMBIBBI ObIIM OTOOpaHBI
¢ 607IbLIIETO YNC/IA TYII, @ He C 6OJIBIIEro KOMNYeCcTBa 30H
OJIHOJVI TYLIN.

ITpo6bI oTOMpaM Ha C/IEAYIOLMX TOYKAX yOOs 1 Iepe-
pabOTKIM >KUBOTHBIX:

— II0CJIe MTOIMPOBOYHOI MaIMHBI (YOOI CBUHEN);

— TIOC/Ie ChEeMKI HIKYPbI (YOOIt KPYITHOTO pOraToro CKoTa);
— I0C/Ie M3BJIeYeHNsI BHYTPEHHUX OPTaHOB;

— ¢uHaNbHOI TOYKe, HO He Mo3/iHee 12 4 mocre yoos.

Ot60p npo6 MPOBOANIN He JeCTPYKTUBHBIM METOLOM
C TIOMOIIBIO TYOKM.

Ha rymax u moayryumax ompeme/siim 30HY oTbopa
npo6. 3aTeM OTKpBIBAIU IAKET, COAEPXKALINMIl CTePUIb-
HYIO TYOKY, U ;OOAB/IsIIN OIpefie/IeHHbI I 00'beM IeITOH-
HO-COJIEBOTO PAacTBOpPa, HEOOXOAVMOTO AJIs ee CMadlBa-
Hys. [yOKy C BHeIlHeil CTOPOHBI IIaKeTa pasMUHAIN [0
IIOJIHOTO ee cMa4unBaHus. HajeBamu cTepuibHble epyar-
KI U1 OCTOPO>KHO M3BJIeKanu ryoky us nakera. [Tomeramm
paMKy-TpadapeT Ha BBIOPaHHYIO 30HY, IPOTUpAIN Iy0-
KOJI OTpaHMYeHHYI0 paMKoil mromanb (10x10 cm) mpu-
6m3urenbHO 10 pa3 B BepTuKanbHOM 1 10 pa3 B ropn3oH-
Ta/IbHOM HaIlpaBJIeHISIX.

[Toce yka3aHHOM IpOLeAypbl TyOKy IIOMeIlan
00paTHO B MakKeT 1 [OOAB/IS/IN OCTABIINIICS BOJHO-COTTE-
BOI1 pacTBOp.

Ot60p po6 OT MACHBIX OTPYOOB IPOBOAVIIN U3 ITTy-
OOKIX C/I0eB IOC/Ie OOXKNTa €ro IMOBEPXHOCTU COITIACHO
TOCT P MICO 6887-2 [10] u TOCT P 54354 [11], a oT Me1-
KOKYCKOBBIX 10nydabprukatoB u ¢apiieit 0r60p mpoBo-
nucs 6e3 ob6xura.

Mukpobuonorndecke uccnesoBaHms Ipobd ¥ CMBIBOB
Ha Ha/jM4ye MUKPOOPraHmM3MoB popa Salmonella v Buga
L.monocytogenes nposogumu cormacHo IOCT P 54354,
I'OCT 32031 [12], TOCT 31659 [13].
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organisms of the genera Salmonella and Listeria, and
L.monocytogenes.

Materials and methods

The subjects of research were beef from five groups of
animals and pork from one group in carcasses, half-car-
casses and cuts; meat semi-prepared products (small-sized
and minced). In each group, carcasses of five animals were
investigated.

Sampling, sample preparation and microbiological
investigations were carried out according to GOST ISO
7218-2011 [7] and GOST 31904-2012 [8]. Sampling (tak-
ing swabs) from carcasses, half-carcasses from cattle and
pigs was carried out according to GOST R ISO 17604 [9].
To ensue sampling representativeness for more complete
and reliable characterization of microbial contamination
of carcasses, swabs were taken from more carcasses and
not from more sampling areas on one carcass.

Samples were taken at the following points of animal
slaughter and processing:

— after polishing machine (slaughter of pigs);

— after hide removal (cattle slaughter)

— after evisceration;

— final point, but not later than 12 hours after slaughter.

Sampling was carried out by the nondestructive meth-
od using a sponge.

An area of sampling was specified on carcasses and
half-carcasses. Then, a bag containing a sterile sponge was
opened, a specified volume of the peptone saline solu-
tion necessary for its moistening was added. The sponge
was massaged from the external bag surface until its full
moistening. Sterile gloves were put on and the sponge was
carefully taken from a bag. The sampling template was
placed on the chosen area. The sponge was wiped over
the sampling area (10 cm x 10 cm) restricted with the sam-
pling template approximately 10 times in the vertical and
10 times in the horizontal directions.

After the above mentioned procedure, the sponge was
put back into a bag and the remaining saline solution was
added.

Sampling from meat cuts was carried out from the deep
layers after flaming it surfaces according to GOST R ISO
6887-2 [10] and GOST R 54354 [11]; sampling from small-
sized semi-prepared products and minced meat was car-
ried out without flaming.

Microbiological investigations of the samples and
swabs for the presence of the microorganisms of the ge-
nus Salmonella and L.monocytogenes was carried out ac-
cording to GOST R 54354, GOST 32031 [12] and GOST
31659 [13].

Results and discussion

When assessing the cuts and semi-prepared products
from beef and pork for the presence of the microorganisms
of the genus Salmonella and L.monocytogenes, the results
presented in Figure 1 were obtained.

It can be seen from Fig. 1 that the pathogens were not
revealed in the meat cuts. However, small-sized semi-pre-
pared products and minced meat from beef and pork were
contaminated with the pathogenic microorganisms: Sal-
monella (13 and 11%) and L.monocytogenes (33 and 27 %).
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Pe3ynbrarsl u ux 06cyKaeHMe

IIpu oueHke oTpy6oB M mnomypabpuKaToB U3 TOBA-
[VHBI ¥ CBYHMHBI Ha Hajan4ye MMKPOOPTaHM3MOB pofia
Salmonella v 6akrepuii L.monocytogenes GbIIV IOTyYeHBI
Ppes3y/IbTaThl, IpefCTaB/IeHHbIe HAa PUCYHKe 1.

I3 pucynka 1 BUHO, YTO B MSACHBIX OTpybax Iaro-
TeHHble MMKPOOPTaHM3Mbl He BblABIeHbL. OfHAKO Mes-
KOKYCKOBBIe IONypadpuKaTbl ¥ ¢apiy U3 TOBSAANHBI
Yl CBUHVHBI KOHTaMIHUPOBAHBI IIATOT€HHBIMI MUKPOOP-
raHusMaMu: cajgbMoHemnamu 13 u 11%, a L.monocytogenes
33 1 27 % COOTBETCTBEHHO.

[IpyuyHa B IIOTyYeHUY TAKMX Pe3y/IbTaTOB 3aK/II0YAT-
CSl B TOM, YTO UCIIOJIb3YIOTCSI pa3Hble MOAXOMBI K MOATO-
TOBKe P00 MACHBIX OTPYOOB U METTKOKYCKOBBIX, a TaK)Xe
pyOneHbIX MOMypabpUKaTOB 1A MUKPOOMOIOTMYECKUX
WUCCTIeTOBAHNI.

CormacHO feliCTByIOIIell HOPMATUBHOI [OKYMeHTa-
1y, otbop mpob OT MSCHBIX OTPYOOB, a TaKXKe OT Msica
B TYLIAX, IOTyTYIIaX, YeTBEPTUHAX, KPYITHOKYCKOBBIX I10-
nyhabpuKaToB IPOBOAUTCS 13 ITYOOKUX CI0EB, T.e. TOC/Ie
CTepUIN3aLNy TIOBEPXHOCTH ITyTeM ee 00XKIUTa U yHaIeHVIA
aToro yyactka. HopmaruBbl Ha MUKpPOOMOIOTrIYecKe 1Io-
KasaTes, ykasaHHble B Enynbix rpe6oBannsax (ET), B Tex-
Huueckux Permamenrax Tamoskennoro Cowsa (TP TC),
IpYBEJEeHbI [ OLIEHKY ITyOOKIUX C/IOEB.

Taxum o6paszom, npu aHanmse oTpybOB, a TAKKe Msca
B TyIIAX, IOJYTYIIAX, YeTBEPTMHAX, KPYIHOKYCKOBBIX
1omy¢pabpuKaToB MPOU3BOJUTCS OLEHKA TONIBKO IIy6o-
KUX C/IO€B, @ KOHTaMMHAIVsA IOBEPXHOCTH MaTOT€HHBIMU
MMKPOOpPTraHM3MaMM He YIUThIBACTCA.

OpnHaKo Iy MCCIeOBAaHNY METKOKYCKOBBIX 1 pyOrte-
HBIX HO/MTy(abpMKaTOB OIpefesieH APYroil crocob mpo-
6onoaroroBky — 6e3 o6xura noBepxHoct. COOTBETCT-
BEHHO ¥ HOPMAaTVBHbIE 3HAYEHVA MUKPOOMOIOTNYECKIX
IIOKa3aTe/ell OLEHMBAIOT IIOBEPXHOCTHBIE M ITTyOOKue
CTI0OM CyMMApHO.

Haub6osee KpUTHYHBIMY C TOYKY 3pEHISI KOHTAMIHALVIN
Ty KPC ABnA0TCA cbeMKa LIKyp, U3BIe4eHNe BHYTPeH-
HMX OPTaHOB, CyXasl M MOKpas 3a4iCTKa MOAYTYLI, a [IpK
yb0e cBMHell — CbeMKa LIKYP, a eC/ IIepBIYHas Iepepa-
60TKa OCyIecTB/IAeTCA 6e3 CheMKM LIKYpbl, TO IIIApKa,
U3BJIeYeHVIe BHY TPEHHIX OPIaHOB, CyXas Ml MOKpast 3aUMCT-
Ka IOy Ty VICX0fiA 13 BbIIeCKa3aHHOTO, HaMy ObIT TIpo-
BellecH MOHUTOPVMHT Ha Ha/lu4ye MUKPOOPraHM3MOB pofa
Salmonella, Listeria, a Taxoke GakTepmit L.monocytogenes
TYII KpyIHOro porartoro ckota (manee KPC) u cBuHel Ha
PAa3/IMYHBIX 3TAIAX UX YOOs 1 ITepepaboTKI.

Pe3ynbraThl MccIegoBaHMil IpeCTaBlIeHbl HA PUCYH-
Kax 2-5.

VccnepoBaHnsiMy yCTaHOBJIEHO (PMCYHOK 2), 4TO ypo-
BeHb KOHTAMMHAIMM [ATOTeHHBIMM MUKPOOpPraHM3Ma-
mu noBepxHocty Tyur KPC nocie cbeMKu HIKYpbl y BCeX
TPYII >KMBOTHBIX CYIIECTBEHHO OTIMYaeTcsi. Pasmmdme
HaOJII0laeTCsl He TOJIBKO B YPOBHE KOHTaMMHAIVIM, HO
U B BBIAB/IAIEMBIX MUKPOOpPraHu3Max. Tak Ha HOBEpXHOCTH
Tym KPC B 4eThIpex Ipymnmax u3 IATU ObUIV BbIABJIEHDI
Listeria spp., 9410 cocrabnsgeT 80% OT BCEro KonmdecTsa
MCCTIelOBaHHBIX Tyll. Takum 06pa3soM, MOXKHO IIpefIo-
JIOXKWUTD, 4TO KOXKHBII 1okpoB KPC saBngercsa oguuM 13
OCHOBHBIX MICTOYHMKOM KOHTaMMHAIIMY TYII MUKPOOpIa-
Hu3Mamy popa Listeria. IIpy 3TOM ypoBeHb KOHTaMIHA-
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The reason of obtaining such results resides in the
fact that different approaches are used for preparation of
samples from meat cuts and small-sized as well as minced
semi-prepared products for the microbiological analysis.
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Figure 1. Results of the investigation of meat cuts, small-sized semi-
prepared products and minced meat for the presence of the patho-
genic microorganisms

Pric. 1. Pe3y/bTaTh! CCIeHOBAHIS MACHBIX OTPYOOB, METKOKYCKOBBIX T10-
nydadpukaros 1 Qapiueii Ha HaTugye TaTOreHHbIX MIUKPOOPraHU3MOB

According to the current normative documentation,
sampling from meat cuts and from meat in carcasses, half-
carcasses, quarters and large-sized semi-prepared prod-
ucts has been carried out from the deep layers; that is, after
sterilization of a surface by its flaming and removing of this
area. The norms for the microbiological indicators stated
in the Unified Requirements, in the Technical Regulations
of the Customs Union (TR CU) are given for assessment of
the deep levels.

Therefore, when analyzing cuts as well as meat in car-
casses, half-carcasses, quarters, large-sized semi-prepared
products, an assessment of only deep layers is performed,
while contamination of a surface with the pathogenic mi-
croorganisms is not taken into account.

However, when analyzing small-sized and minced
semi-prepared products another method of sample prepa-
ration is established — without surface flaming. Respec-
tively, the normative values of the microbiological indica-
tors assess both surface and deep layers in total.

The most critical in terms of contamination of cattle
carcasses are hide removal, evisceration, dry and wet clean-
ing of half-carcasses. When slaughtering pigs, the most
critical is hide removal; and when primary processing
is performed without hide removal, the most critical are
scalding, evisceration, dry and wet cleaning of half-car-
casses. Based on the above said, we monitored the cattle
and pig carcasses for the presence of the microorganisms
of the genera Salmonella and Listeria, and L.monocytogenes
at different stages of their slaughter and processing.

The results of the investigation are presented in Fig-
ure 2-5.

It was established in the course of the study (Fig-
ure 2) that the level of contamination of the cattle carcass
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LM TIOBEPXHOCTU TYII JIMCTEPUAMM 6 YeTbIpex IPYyIIax
KMBOTHBIX (rpynmax 1, 2, 4, 5) coctaBun ot 20 no 80 %.
B toxe Bpems, L.monocytogenes 6bU1 0OHAPY>KeHbI TOMb-
KO Ha ITOBEPXHOCTH TYILI OFHOI U3 IATU UCCTIEeNOBAaHHBIX
rpymi, 4To coctaBuio 20% OT BCero KOam4ecTBa UCCie-
TOBAaHHBIX TYLIL YPOBeHb KOHTAMMHAIMY TYII 1 IPYIIIBI
JKMBOTHBIX cocTaBua 20 %.

O6cemenénnocts nosepxuocty Ty KPC Mukpoopra-
HusMamu popaa Salmonella Ha sTane cbeMKY MIKYpPbI ObITa
YCTaHOBJIEHA Y ABYX M3 IISITY MCC/IEJOBAHHDIX TPYIIL, 9TO
cocraBysieT 40% OT BCero KonmyecTBa MCCIIeTOBAaHHBIX
TyLI. YpOBeHb KOHTaMUHAIVY 1 1 3 TPYIIIBI COCTaBUII OT
20 mo 40 %.

V3 paHHDBIX, IpeACTaBIeHHDbIX Ha PUCYHKe 3, BUJHO,
YTO BHYTPEHH:A N0oBepXHOCTD 80 % MCCIef0BaHHbIX TYII
OblTa 06CeMeHeHa MUKpOOpraHusMaMu popa Listeria, He
OTHOCSIIIVMMUCS K IIATOTEHHBIM BUJAM. YPOBEHb KOHTa-
MUHAIVY MEXAY TPyNIIaMU MCCIeOBAHHBIX TYLI Bapbl-
posan ot 20 fo 90 %.

B Toxxe BpeMs KOHTaMUHaluA OakTepusaMmu popa Sal-
monella coctaBuna 20 %.

CrnepmyeT OTMETUTDb, YTO Y JKMBOTHBIX 2 TpYIIBI Ha
BHYTpPEHHel IIOBEPXHOCTY MUKPOOPIaHM3MBI popa Liste-
ria n 6axrepun pona Salmonella He 06Hapy>KeHBI.

YpoBeHb KOHTaMMHALMI IIATOT€HHBIMU MMIKpOOpTa-
HusMamu nosepxHoctu nonytym KPC nocne cyxoii u Mo-
KPOJl 3a4MCTKY Y BCeX TPYIIII KVBOTHBIX (PUCYHOK 4), KaK
U Ha IpeAbIyLIVX 3Talax UCCIAef0BaHNs, pa3indeH. Tak
Ha IOBEPXHOCT) HOMYTYLI BCeX TPYHI MCCIEHOBAaHHBIX
JKUBOTHBIX YCTAHOBJIEHO Hanuume Listeria. YpoBeHb KOH-
TaMmHanyy coctass 20-90 %. B Toxxe Bpems 6akTepun
L.monocytogenes He ObIIV BBISB/ICHBL.

Takue pe3ynbTaThl MCCIE[OBAHNIT MOTYT CBUETE/NIbCT-
BOBaTb O TOM, YTO CyXas U MOKpas 3a4MCTKa MOTYTYLI,
KOTOPYIO IPOBOJAAT IIOC/Ie PACIVIOBKY TYII, He CIOCO0-
CTBYeT VX NeKOHTAMUHAIIVIL.

Anamusupya nonyrymn KPC Ha Hammume 6aktepuit
pona Salmonella, yctanoBneHa kKoHTaMMHanysA ot 10 fo
20 % OT BCeX MCCeTOBAaHHBIX 0OPA3IOB.

Pesynbrarhl mccnenoBaHysA IOBEPXHOCTY TYLI M IO-
JyTYyUI CBMHEH IIOC/Ie MO/IMPOBOYHON MAIINHBI, M3BJIe-
JeH!Us BHYTPEHHMX OPraHOB, CYXOJ U MOKPOII 3a4MCTKI,
IIpefcCTaB/IeHHbIe HA PUCYHKE 5, [eMOHCTPUPYIOT KOHTa-
MmyuHauuio Listeria mosepxHoctu 40-100% Ty, a mocne
U3BJIeYeH I BHYTPEHHNX OPraHOB ellle ¥ KOHTAMIHAIIVIO
BHyTpeHHel mnosepxHocty 20% tym L.monocytogenes.
bakrepun pona Salmonella He GbIV BBISB/ICHBIL.

[TonyueHHble pe3ynbTaThl UCCIAECLOBAHNUI ITO3BOJISIOT
YCTaHOBUTb B KadyecTBe KPUTUYECKUX TOYeK Ipu yboe
U nepepabOTKe >KMBOTHBIX C/IEYIOLIVe 3TAIbl: CheMKa
wkyp (y6oit KPC), mmapka (y6oii cBuHelI) U U3B/IeYeHNEe
BHYTPEHHUX OpraHOB. MOHMTOPUHT TYII HA 3TUX TOYKAX
nepepaboTKM KMBOTHBIX MO3BOINT IIOJTYYUTh MSCO BBI-
COKOT'O CAHUTAPHOTO YPOBHSI.

ITpoBeneHHDBII HaMV MOHWMTOPMHI ITOBEPXHOCTU TYII
Y IOy TYII KPYITHOTO POraTOro CKOTA J CBMHE Ha pas/iny-
HBIX 9TaIax yoos 1 epepabOoTKY >KMBOTHBIX, & TAKXKe MsAC-
HBIX OTPY6OB ¥ T07TypabpMKaTOB 13 TOBSAAVHBI Y CBUHIHBI
Ha HajM4e MUKPOOPraHU3MOB popa Salmonella, Listeria
u G6akTepuit Busa L.monocytogenes mo3BOIVI IPOAHAIN3Y-
pOBath U NIeHTUPUIVIPOBATb PUCKY KOHTAMIHALVIM.
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Figure 2. The level of contamination of cattle carcasses (groups 1-5)
with the pathogenic microorganisms after hide removal
Puc. 2. YpoBeHb KOHTaMMHALVY ITATOTeHHBIMI MIKPOOPTraHM3MaMu
Tym KPC (1-5 rpymni XuBOTHBIX) IIOC/Ie CheMKM LIKYPbI
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Figure 4. The level of contamination of cattle half-carcasses (animal
groups 1-5) with the pathogenic microorganisms after dry and wet
cleaning

Pyic. 4. YpoBeHb KOHTaMVHALMM IATOTHHBIMY MMKPOOPTaHM3MaMu
nonytyi KPC (1-5 rpyri >KMBOTHBIX) IOCTIE CYXO¥T 1 MOKPOJI 3a4MCTKI

surfaces with the pathogenic microorganisms after hide
removal was significantly different between all animal
groups. The difference was not only in the level of con-
tamination but also in the isolated microorganisms. For
instance, Listeria spp., were detected on the surfaces of
cattle carcasses in four of five groups, which accounted
for 80% of the total number of the examined carcasses.
Therefore, it can be concluded that cattle skin is one of
the main sources of carcass contamination with the mi-
croorganisms of the genus Listeria. With that, the level
of contamination of the carcass surfaces with Listeria in
four animal groups (groups 1, 2, 4, 5) ranged from 20 to
80%. At the same time, L. monocytogenes was detected
on the carcass surfaces in one of five groups, which ac-
counted for 20% of the total number of the examined car-
casses. The level of contamination of the animals from
group 1 was 20%.

Contamination of the cattle carcass surfaces with the
microorganisms of the genus Salmonella at the step of
hide removal was revealed in two of five examined groups,
which was 40 % of the total number of the examined car-
casses. The level of contamination in groups 1 and 3 was in
a range of 20 to 40 %.
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Figure 3. The level of contamination of cattle carcasses (groups 1-5)
with the pathogenic microorganisms after evisceration
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Figure 5. The level of contamination of pork carcasses with the patho-
genic microorganisms at different stages of animal slaughter and pro-
cessing

Puc. 5. YpoBeHb KOHTAMMHAINY TTATOTEHHBIMI MUKPOOPTAHN3MAMI
TYIII CBIHEIT HA Pa3/MIYHBIX 9TATax YOOs 1 epepaboTKIM KIUBOTHBIX

YcTaHOB/IEHO, YTO:

[iry6okue cron MACHBIX OTPYOOB 13 TOBAIMHBI ¥ CBU-
HUHBI ObIIM CBOOOGHBI OT MMKpPOOPIaHM3MOB pofia
Salmonella, Listeria n 6axtepmit Buma L.monocytogenes
IpY YCTIOBUM IPeIBAPUTENbHOTO 00XKNUra MOBEPXHOCTU
obpasija 1 yganeHny 060XOKEHHOTO Y4acTKa.

B nmonydabpukarax u3 roBAfuHbI M CBUHUHBI, UCCIIE-
lyeMble MMKPOOPTaHM3MbI BBIAB/IAIOTCA.

B 13 % mccnenoBaHHBIX METTKOKYCKOBBIX OMTyhabpuKa-
Tax 13 TOBAAVMHBI ObUIY OOHAPY>KEHBI MUKPOOPTaHU3MbI
pona Salmonella v 6axrepun Buga L.monocytogenes B 33 %
06pasuos. B To e Bpems, B monydabpukarax 13 CBUHU-
HBI MUKpOOpraHusMbl popa Salmonella oTcyTcTBOBaNM,
a L.monocytogenes BoiABuIN B 27 % 06pasuos. B ¢apax,
COCTaBJ/ICHHBIX 13 TOBSJVHbBI I CBUHVHBI, yPOBEHb KOH-
TaMMHanVy 6akTepusamu popa Salmonella gocturan 11%,
a L.monocytogenes 33 % mccnemoBaHHBIX 00pasIOB.

Kputndecknmy Toukamu Ipu pOU3BOACTBE TOBAM-
HBI U CBYHUHBI AB/IAIOTCA CheMKa LIKYPbI M M3BJIeYEHIE
BHYTPEHHMX OPraHOB. DTO YCTAHOB/ICHO HAa OCHOBAHUM

The data presented in Figure 3 show that the internal
surfaces of 80% of the examined carcasses were contami-
nated with the microorganisms of the genus Listeria that
did not belong to the pathogenic species. The level of con-
tamination varied between groups of the examined car-
casses from 20% to 90%.

At the same time, contamination with the bacteria of
the genus Salmonella was 20%.

It is necessary to note that in animals of group 2, Liste-
ria and Salmonella were not detected.

Similar to the previous stages of the study, the level of
contamination of the cattle carcass surfaces after dry and
wet cleaning in all groups of animals (Figure 4) was dif-
ferent. For example, the presence of Listeria was found on
the surfaces of half-carcasses in all groups of the examined
animals. The level of contamination was 20-90 %. At the
same time, L.monocytogenes was not detected.

These results of the investigation suggest that dry and
wet cleaning of half-carcasses, which is carried out after
carcass splitting, does not facilitate decontamination.

By analyzing the cattle half-carcasses on the presence of
Salmonella, contamination in a range from 10 to 20% of all
analyzed samples was established.

The results of the investigation of pork carcasses and
half-carcasses after the polishing machine, evisceration,
dry and wet cleaning presented in Figure 5 demonstrate
surface contamination with Listeria in 40-100% of car-
casses, and also contamination of the internal surface with
L.monocytogenes after evisceration in 20% of carcasses.
The bacteria of the genus Salmonella were not revealed.

The obtained results of the investigation allow estab-
lishing the following stages in animal slaughter and pro-
cessing as the critical points: hide removal (cattle slaugh-
ter), scalding (pig slaughter) and evisceration. Monitoring
of carcasses at these points of animal processing will enable
production of meat with high sanitary level.

The performed monitoring of surfaces of cattle and
pig carcasses and half-carcasses at different stages of ani-
mal slaughter and processing, as well as the meat cuts and
semi-prepared products from beef and pork on the pres-
ence of the microorganisms of the genera Salmonella and
Listeria, and L.monocytogenes allow analysis and identifi-
cation of the risks of contamination.

It was established that:

The deep levels of meat cuts from beef and pork were
free from the microorganisms of the genera Salmonella and
Listeria, and L.monocytogenes on condition of preliminar-
ily flaming a sample surface and removing the burned area.

The microorganisms under investigation were revealed
in the semi-prepared products from beef and pork.

The microorganisms of the genus Salmonella were
found in 13% of the analyzed small-sized semi-prepared
products from beef, while L. monocytogenes was isolated
from 33% of the samples. At the same time, Salmonella was
not detected in the semi-prepared products from pork,
while L. monocytogenes was isolated from 27% of the sam-
ples. In minced meat prepared from beef and pork, the lev-
el of contamination with Salmonella and L. monocytogenes
was 11% and 33% of all analyzed samples, respectively.

The critical points in beef and pork production are hide
removal and evisceration. This was established by the mi-
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MMKPOOVOIOrMYeCKOTO aHa/MN3a BHEIIIHe T ¥ BHYTPeHHe
nosepxHocrel Tym KPC u cBuneri.

[osepxnocts 20% Tym KPC mocme cbeMKu WIKyp
KOHTaMIMHMpoBaHa L.monocytogenes. IpyruMn Bupgamn
pona Listeria Tymmu KPC xonTammHuposansl oT 20 [0
80 %, a cBMHBIE TYLIM KOHTaMUHUPOBaHbI Ha 100 %.

Bayrpennne nosepxHoctu 20-90% uccnemoBaHHBIX
TYLI KPYIIHOTO pOraToro KOHTaMUHMPOBAHbI HENIATOTeH-
HbIMU Listeria. BHyTpeHHAA MoBepXHOCTb 20 % CBMHBIX
TYII IpY 3TOM OblIa KOHTaMUHMPOBaHa L.monocytogenes
n 40-100 % pmpyrumu Bupamu Listeria.

ITocne cpeMky mKyp nmoBepxHOCTb 20-40% Tym KPC
KOHTaMMHUPOBaHa MUKpOOpraHusMamu popa Salmonella,
a Toc/le M3BJIeYeHVs] BHYTPEHHUX OPraHOB, BHYTPEHHSI
MIOBEPXHOCTb KOHTaMMpoBaHa y 20 % Tyu. Mukpoopranms-
MOB popa Salmonella Ha CBUHBIX TyIIIaX BBIAB/ICHO He OBLIO.

Cyxas n Bnaxnas sauuctka nony Tty KPC u ceuneri ne
CII0CcO6CTBOBA/IA ABHOMY CHYDKEHUIO X 00CEeMEeHEHHOCTIL.

[TaToreHHble MUKPOOPraHM3MbI Ha TYLIAX, IOTYTYLIAX
(4eTBepTMHAX) OBUIM BBIAB/ICHBI TOIBKO TOIZIA, KOIIA HaBe-
CKa oTOupanace 6e3 MpeBapUTeIbHOrO OOXKITA TIOBEPXHO-
cru orpy6a. Cormacxo CII 3.1.7.2616-10 [14] oxmaxxeHHOE
Y1 3aMOPOXKEHHOE MACHOE ChIpbe (MACO B TYIIAX, Oy TYIIAX,
YeTBepTUHAX U OTPy6ax, MACO B O/I0KAX, MACO NTHUIIBI, MACO
MeXaHIYeCKOil 00BaJIKM, CyOIPORYKTHI), MONTypabpMKaTsl,
a TaKkKe CbIPOKOITYeHbIe (CBIPOBS/IEHbIE) M3MIeNNsA OTHOCAT
K KaTeropyy BBICOKOTO PYICKa KOHTaMMHALMM OAaKTepusaMMu
pona Salmonella. OgHaKo 13 3TOrO MepevHs TONIbKO pyoOiIe-
Hble, MEJIKOKYCKOBBIe TOTy(habpMKaThl, 6/I0KM MACHBIE 3a-
MOPOXXEHHBIE, MACO MEXaHNYEeCKOI 0OBaJIKM OTOMPAIOT Ha
BBIsIB/ICHVIE IIATOT€HOB 6e3 00>KITa TOBEPXHOCTIL.

BreiBogbI

Takum 06pa3oM, Ha OCHOBAHUM ITOTYYEHHBIX Pe3yIIb-
TAaTOB Mbl PEKOMEH/IyeM IIPOBOANUTDL OTOOP MpOO [i/1A BbI-
ABJIEHNA MATOTEHOB OT TYLI, HOMYTyIl (4eTBEPTUH, OT-
pPy0OB, KPYITHOKYCKOBBIX Honydabpukaros) 6e3 obxura
MOBEPXHOCTH, TaK KaK IMEHHO OHI Ha Pas3/IMYHbIX STaIlaxX
y6051 1 IepepabOTKM )KMBOTHBIX B OOIbIIIelT CTETIeHM MOf-
Bep>KeHbI PUCKY 0OCeMeHeHN .

YacTtoTa obHapy>keHus Gaxrepuit popa Listeria cBupe-
TE/IbCTBYeT 00 MHTEHCMBHOM IMPKY/IALMU BO3OYAMUTENA
JICTEpY03a Ha MACOIepepadaThIBAIOIINX MPEAIPUATIAX.
ITormy4eHHbIe pe3y/IbTaThl JOKa3bIBAIOT Ha/IM4Me 61aromnpu-
ATHBIX YCTIOBUII JUIA BBDKVIBaHMA IIATOTEHHBIX MUKPOOPTa-
HM3MOB IIpU y6Oe U MEepPBUYHOI IepepaboTKe CKOTa U I0-
TEHL[VIa/IbHYI0 OIIACHOCTb KOHTAMMHALMM MMM TOTOBBIX
npopykToB. IloaToMy Ha MsAcomepepabaTbIBAIOIIMX HIpe-
HOPUATHUAX HeOOXOAMMO B KadyecTBe MOKa3aTesst KOHTPOJIA
KayecTBa CAaHUTAPHON 0OpabOTKM BBecTU OakTepum popa
Listeria, a He TonmbKO L.monocytogenes, a TaKXe CMbIBbI
C TYII B KadecTBe ITOKa3aTeysi 0e30IIaCHOCTY 9TAIoB y6osi.

BUB/IIMOTPAOVMYIYECKHUN CIITMCOK
1. Dormont D. Prions, BSE and food. International Journal of
Food Microbiology. 15 September 2002; 78 (1-2): 181-189

2. AaumoB M.A. KOHTAaMUHUPOBAHHOCTb 06BLEKTOB BETepUHap-
HOro Hap3opa Bo3byauTenemM AMCTepUO3a U 6UONOTMUECKUE CBOM-
CTBa BbIAEAEHHbIX KYAbTYpP. AuccepTtauua. 2004. 152 c.

3. Commission regulation (EC) N21688/2005 of 14 October
2005 implementing Regulation (EC) Ne853/2004 of the Europe-
an Parliament and of the Council as regards special guarantees
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crobiological analysis of the internal and external surfaces
of the cattle and pig carcasses.

The surfaces of 20% of cattle carcasses after hide remov-
al were contaminated with L. monocytogenes. The other
species of Listeria contaminated the cattle carcasses in a
range of 20 no 80 %; the pig carcasses were contaminated
at a level of 100 %.

The internal surfaces of 20-90% of the examined cattle
carcasses were contaminated with nonpathogenic Listeria.
With that, the internal surfaces of 20% of the examined pig
carcasses were contaminated with L.monocytogenes and
40-100% with other species of Listeria.

The microorganisms of the genus Salmonella contami-
nated the surfaces of 20-40% of cattle carcasses after hide re-
moval and the internal surfaces of 20 % of carcasses after evis-
ceration. Salmonella was not detected on the pork carcasses.

Dry and wet cleaning of the cattle and pig half-car-
casses did not ensure the detectable reduction of their
contamination.

The pathogenic microorganisms on the carcasses, half-
carcasses (quarters) were revealed only when a sample was
taken without preliminary flaming a cut surface. Accord-
ing to SP 3.1.7.2616-10 [14], chilled and frozen meat raw
materials (meat in carcasses, half-carcasses, quarters and
cuts, meat in blocks, poultry meat, mechanically deboned
meat, by-products), semi-prepared products, as well as un-
cooked smoked (raw air-dried) products fall in the catego-
ry of high risk of contamination with the bacteria of the ge-
nus Salmonella. However, from this list, only minced and
small-sized semi-prepared products, frozen meat blocks,
mechanically deboned meat are sampled for analysis on
pathogens without surface flaming.

Conclusion

Therefore, on the basis of the obtained results, we rec-
ommend to carry out sampling for detection of pathogens
from carcasses, half-carcasses (quarters, cuts, large-sized
semi-prepared products) without surface flaming as it is
these products that are subjected to the risk of contamina-
tion at different stages of animal slaughter and processing
to a greater degree.

The frequency of detection of Listeria suggests an inten-
sive circulation of the causative agent of listeriosis in meat
processing enterprises. The obtained results prove the pres-
ence of the favorable conditions for survival of the patho-
genic microorganisms at cattle slaughter and processing and
the potential hazard of contamination of ready products
with these organisms. In meat processing plants, therefore,
it is necessary to introduce detection of the bacteria of the
genus Listeria and not only L.monocytogenes as indicators of
sanitary treatment quality, as well as swabs from carcasses as
an indicator of the safety of slaughter stages.
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AHnHomayus

B cmamuve ompasicervl pesynvmamot IKCHepUMEHMAIbHbLX UCCTIe-
dosanuii no paspabomxe mexHonoeuy 6e1K08020 KOMHNuEKCA HA
0CHOBE MACOKOCHHOL NACHbL U OENIKOBO-HUPO-KPOBIHOU IMYIb-
cuu. IIpusedeHa mexHON02UHECKAT CXeMA NOTYUEHUS MACOKOCHI-
HOUL nAcMmol HA 0CHOBEe KOMNIEKCHO20 U3MENbHEeHUS 00 PA3Mepos
kocmuvix wacmuy, 100-10°° m u danvHetiweti 06pabomku Kocm-
HbIX 4ACMUL, C UCNONb308aHUEM peazeHma — MEOPONCHOLL Cbl-
sopomku ¢ pH 4,3. TIpu usyuenuu nuuie6oti u O6U0n02UHeCKO
UeHHOCMU 6e1K08020 KOMNIEKCA YCMAHOBTIEHO, 1Mo 6enKo6bLil
KOMNJIEKC, COCMOSUAULL U3 NUUELB020 KOMNOHEHMA U3 KOCMU
U 6enK060-HUPO-KPOBTHOLL IMYNIbCUU, BO3MONCHO UCNOI30EAIMNDb
83aMeH OCHOBHO20 CLIPbA 8 NPOU3BOOCHIBE MACHLIX HPOOYKIOS.
CpasHumenvHvlil aHAU3 NUULEB0U YeHHOCMU 0eN1K068020 KOM-
nieKkca U KOHUHbL NOKA3AZ Cledyloujue pe3yibmamol: AmMuHo-
KUCTIOMHbILL COCMAs 0enk08020 KOMNJIEKCA C6Udemenvcmsyem
0 COanaAHCUPOBAHHOCMU HE3AMEHUMbLX AMUHOKUCIION U 6blCO-
KOM COOePHAHUU TUMUMUPYIOULUX OUON0ZUHECKYH0 UeHHOCHDb
He3aMeHUMbLX AMUHOKUCTIOM: TUSUHA, T UHA, MPEOHUHA; Ha-
6rr00aemcs 6vicoKoe coOepHanue NONUHEHACLIUEHHDIX HUPHBIX
Kucnom 6 0enko8om KOMMNIIEKce, 4o céudemenvcmesyerm o 6uo-
JI02U1ecKoti yeHHOCMU 6eK06020 KOMNIIEKCA.

BBengenne

Ilns ynydineHns cHabxeHusi HacenmeHus: Pecry6mmkm
KaszaxcTaH 6enKOBBIMM IPOAYKTaMM IIUTAHVS Y4YeHbIe
U CHELMATNCTBI MSACHO IPOMBIIIIEHHOCTH PEIIAIOT 3a-
Maun, CBA3aHHbIE C MaKCUMAajIbHBIM VCIIOIb30BaHMEM
MMEIOIMXCSI B OTPAC/M CBIPbEBBIX PECYPCOB U IieJleHa-
[paBJIeHHBIM BOBJIEYEHNEM B MPOM3BOJCTBO MSCOIPO-
JYKTOB [IOIO/THUTEIbHBIX ICTOYHIKOB 6€TIKOBOTO CBIPbI.
B cBA3M ¢ 0COOEHHOCTAMM COCTaBa M CBONCTB, OJHUM
U3 PefKO MCIOIb3YeMbIX BUIOB BTOPMYHOIO ChIPbsi Ha
MIIeBble LIen SBseTCs KOCTHOe chipbe [1]. Vcmonb3o-
BaHNMe KOCTHOTO ChIPbsi IS MIPOM3BOACTBA Pa3TUIHOI
HPOAYKLMY OOYCIOBIEHO COiep)KaHNeM B HeM BBICOKO-
yCBOsIEMBIX O€/IKOB, XXMPOB, (HOCHPOPHBIX Ka/lbIVIEBBIX
corelt, MaKpo- ¥ MUKPO3/IEMEHTOB, BUTAMUHOB, aMIHO-
KCIOT [2]. B TpaguimoHHOI TeXHONMOTMM MepepaboTKa
KOCTHOTO CBIpbsI TIpeAyCMaTpPUBaeT, B OCHOBHOM, BbIpa-
6OTKY 113 HETro KOCTHOTO JX1pa, 6y/IbOHA, KOPMOBOI MYKIL,
a TaK)Xe C IOMOIIbIO KMCITOTHOI ¥ 1IeTOYHOI 00paboTKM
u3BjevYeHre OeNTKOBBIX M MUHEPATbHBIX KOMIIOHEHTOB
JUTsE BBIPAOOTKM TAIIEBOI IPORYKIINHA.

OnHMM U3 TIEPCIIEKTUBHBIX HAITPAB/IEHNIT B CO3/[aHUN
IUIIEBbIX TPOAYKTOB SIB/SETCS KOMIUIEKCHAs Iepepa-
60TKa MsICOKOCTHOTO ChIPbsI, KOTOpas MpefycMaTpiBaeT
TPU CTaAMM U3MeNb4yeHNsA: KpynHoe (mo 5-107°m), men-
koe (mo 1-107 M) u cBepxToHKOe (o 100-10°m). ITpo-
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Abstract

In this paper, the results of the experimental research on develop-
ing the technology of a protein complex based on the meat-bone
paste and protein-fat-blood emulsion are shown. The technologi-
cal scheme of meat-bone paste production on the basis of com-
plex grinding meat-bone raw material to bone particle size of
100-10-° m and further processing of bone particles using reagent,
cheese whey, with pH 4,3 is presented. When studying the nutritive
and biological value of the protein complex, it was established that
the protein complex consisting of the food component from bone
and protein-fat-blood emulsion could be used instead of the basic
raw material in meat product production. The comparative analy-
sis of the nutritive value of the protein complex and horse meat
demonstrated the following results: the amino acid composition of
the protein complex showed a balance of the essential amino acids
and the high content of the essential amino acids which limit the
biological value: lysine, leucine and threonine. The high content of
polyunsaturated fatty acids was observed, which justified the bio-
logical value of the protein complex.

Introduction

To increase the protein food product supply for the
population of the Republic of Kazakhstan, the scien-
tists and experts of meat industry have been solving the
tasks regarding the maximum use of the raw material
resources available in food sector and targeted inclusion
of additional protein sources in meat product produc-
tion. Due to the special features of the composition and
properties, bone raw material is one of the secondary raw
material types which are rarely used for food purposes
[1]. The presence of highly digestible proteins, fats, phos-
phorous and calcium salts, macro- and microelements,
vitamins and amino acids is the reason for using bone
in production of various products [2]. In the traditional
technology, bone processing includes mainly production
of bone fat, broth, feeding meal as well as extraction of
the protein and mineral components by acid and alkaline
treatment for food production.

One of the promising trends in developing food prod-
ucts is the complex processing of meat-bone raw mate-
rial, which consists of three stages of grinding: coarse
(up to 5-107° m), fine (up to 1-10°m) and ultra-fine (up
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11eCC CBEPXTOHKOTO V3Me/IbYeHVs MO3BOJsAET IIOMYYNUTh
HPOAYKT — MSICOKOCTHYIO IIACTy, OCBOOOXXIEHHYIO OT
OLIYIIeHNs JKeCTKOCTY Ha S3bIKe, ITOTTHOCTBIO IepeBa-
pUBaeMyi0 U YCBOSIEMBIX Y€/IOBEKOM U HCIIONb3yeMYIO
VISt TToNydeHust 6elKoBbIX fo6aBok. [TuimieBas u 61oso0-
rmYyecKasi IEHHOCTh OENKOBBIX MOOABOK U3 MSICOKOCT-
HOTO CBHIPbsI 3aBUCUT OT TEXHOJIOTMU WX IPOU3BOICTBA.
/I3BeCTHO, YTO B HATUBHOM COCTOSIHUM KOCTHOE CBIPbe
He pacI[eIUIAeTCs MUIEeBAPUTEIbHBIMYU TPOTEONTNUTH-
qeCcKMMM (pepMeHTaMM ¥U3-3a MPOYHBIX AUCYTbOUIHBIX
CBsI3ell MeX/y MOJIUIIENITUAHBIMY [[eTIOYKaMIU MOJIEKYJIbI
6enka [3]. CoBpeMeHHBIE CTOCOOBI 0OPAOOTKM KOCTHOTO
CBIPbs, HEOOXOIMMBIE /IS IPEBPAlleHNs X B IIEpeBaPH-
BaeMyi0 (opMmy, ONMparTCs Ha KOMIITIEKCHOE [IeiiCTBIe
pasmnyHbIX (GAKTOPOB M BKIIOYAIOT TOHKOE M3MeNTbye-
HUe, B3aMMOJENCTBUE C XMMUYECKUMU BeIleCTBaMU,
TEIUIOBYI0 00pabOTKy M mpuMeHeHMe ¢epMeHTOB. [lna
[IOTHOTO PACIIEIUIEHNsT KOCTHOTO ChIPbsI PAIlIOHAIBHO
JVICIIOTb30BATh MOJIOYHYIO CHIBOPOTKY, B YaCTHOCTH, TBO-
POXHYI0, KOTOpasi 3aCIy’>KMBaeT NMPMUCTaIbHOTO BHUMA-
HIIS1 KaK C TOYKY 3peHus1 6oriee IOTHOI Y TUIN3ALIY BCEX
COCTABHBIX YaCTeil MOJIOKa, TAK M B CBSI3U C MPOOIEMOIt
OXpaHBbI OKpy>Karolleit cpeppl. [lookuTenpHoe fieiicTBIe
CBIBOPOTKM Ha OPraHM3M 4Ye/IOBEKA CBA3AHO C €€ COCTa-
BOM, B T.4. C HEOOBIYHBIM COOTHOIIIEHNEM B HENl OEKOB,
JKUPOB 1 yrieBofoB. ChIBOPOTKE IPUMNCHIBAETCS MOYe-
TOHHOE, YCIIOKayBallee CIM3UCTYI0 000T0uUKy, 061ie-
yKpenisiiolee AeJiCTBUE; ee C YCIIeXOM IPUMEHSIOT Ipu
[M3EHTEPUN, XKeNTyXe, KOKHBIX 3a00/IeBaHNX, KaMHIX
B MOY€BOM ITy3bIpe, pu oTpaBneHusx [4]. IlonyyenHas
MSICOKOCTHAs MAcTa MCIIONb3YeTCs /I MOTyYeHUs M-
I[eBOr0 KOMIIOHEHTA, KOTOPBINl IpefycMaTpuBaeT 00-
pabOTKy KOCTHOTO ChIpbsi OMOIpenapaToM — aKTUBHOI
TBOPOYKHOIT CBIBOPOTKOI [5].

B MsCHOI TPOMBIIUIEHHOCTM O0/AaCTh MPUMEHEHNS
OuompernapaToB MOTHOCTBIO He M3ydeHa. B 0CHOBHOM mx
VICIIOZB3YIOT MUl TeHAEpU3aly MsCa U HOMy4eHUs IU-
[POIN3ATOB M3 MAaJIOLEHHOTO ChIPbsS, KOTOPbIMM 0OOTa-
IAIOT MHMIeBble TPOAYKThl. O6paboTKa KOCTHOTO CHIPbs
6nomnpenapaToM 6a3upyeTcss Ha TPAAMLMOHHBIX OVOXV-
MUYECKMX U (DU3NIECKUX MPOIeCcax, CXOMHBIX C M3Me-
HEHUSIMU, HAOMIOTaeMbIMI TPV €CTECTBEHHOM aBTOJIM3e
MSICHOTO ChIpbsi. CKOPOCTb 9TUX IpPeBpAlleHUll perym-
pyeTcs TeMIepaTypoii, BennunHoii pH 1 koHIeHTpanmeit
6nomnpenapara. OMHOBpeMeHHOE BO3IENCTBIE OMoIperna-
para u GepMeHTOB, KOTOPbIMM HOraTO BTOPUYHOE ChIPbe
MSICHOJ TIPOMBIIUIEHHOCTH, CIIOCOOCTBYET IIEPEBOAY BbI-
COKO0O€eKOBBIX (paKiuil B HUSKOMOIEKY/ISIPHbIE COEM-
HEHUsI, 00Pa30BAHMIO «OTKPBITHIX» HOPM OENTKOBBIX MO-
JIeKY/I, KOTOpbIe Jierde IepeBapuBalOTCs M YCBAMBAKOTCS
OpraHU3MOM.

Ilenpto paboTHI SABIsIETCA pa3paboTKa TEXHOMOTUU
IPOM3BOJICTBA U MCC/IEOBAHME TNIIEBOI 1 OMOIOrnYe-
CKOJl LIEHHOCTM O€TKOBOr0 KOMITIEKCA HA OCHOBE MSICO-
KOCTHOJ TTaCThI 11 6€NKOBO->KMUPO-KPOBSHOI IMY/IbCHUIA.

Marepuanbl 1 METOAbI

O6bekraMy HCCIEOBAaHNA ABIATCA MACOKOCTHOE
CbIpbe, MACOKOCTHAs IACTa, MMIIEBONl KOMIIOHEHT, Oes-
KOBO-)XIMPOBasi SMY/IbCYSA U O€TKOBBI KOMIUIEKC, KOHMHA
I n II xaTeropumn.
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to 100-10°m). The ultra-fine grinding allows obtaining a
product, meat-bone paste, with soft texture, fully digested
by the human body and used to produce protein additives.
The nutritive and biological value of protein additives
from meat-bone raw material depends on their produc-
tion technology. It is known that bone in the native state
is not broken up by the digestive and proteolytic enzymes
because of the strong disulfide bonds between the poly-
peptide chains of the protein molecule [3]. The modern
methods of bone raw material treatment, which are neces-
sary for its conversion into the digestible form, are based
on the complex action of different factors, including ultra-
fine grinding, interaction with chemicals, heat treatment
and use of enzymes. To fully break up bone raw material,
it is expedient to use whey, particularly curd whey, which
deserves close attention in terms of complete utilization of
all milk components and the problem of environmental
protection. The positive effect of whey on a human organ-
ism is associated with its composition, including unusual
ratio of proteins, fats and carbohydrates. Several properties
have been ascribed to whey, such as the diuretic and gen-
eral strengthening effects, as well as a soothing effect on
a mucous membrane; it is successfully used for dysentery,
jaundice, skin diseases, calculus in the bladder and poison-
ing [4]. The produced meat-bone paste, which technology
includes the process of bone raw material treatment with a
biopreparation — active curd whey; is used for production
of a food component [5].

The scope of using biopreparations in meat industry is
not well studied. They are mainly used for meat tenderiza-
tion and production of hydrolysates from low-value meat
raw material for food product enrichment. Treatment of
bone raw material with biopreparations is based on the
traditional biochemical and physical processes, which are
similar to the changes observed during the natural autoly-
sis of meat. The rate of these transformations is controlled
by temperature, pH value and a concentration of a bio-
preparation. Simultaneous action of a biopreparation and
enzymes, which are abundant in the secondary meat raw
material facilitates the transformation of the high protein
fraction into the low-molecular-weight compounds, the
formation of the “open” forms of the protein molecules
that are easier to digest and utilize by an organism.

The aim of this work is to develop the technology of
production and to study the nutritive and biological value
of the protein complex based on the meat-bone paste and
protein-fat-blood emulsion.

Materials and methods

The subjects of research were the meat-bone raw mate-
rial, meat-bone paste, food component, protein-fat emul-
sion and protein complex, horse meat of categories I and II.
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ITomy4yeHne MACOKOCTHOI MACThI, KOTOPYIO MOXKHO JIC-
II0/Ib30BATh B PeLeNType OeNKOBbIX J06aBOK [/t 3aMEHbI
OCHOBHOTO CbIpbsA 10-50%, pu BbIpabOTKe KOMOMHMPO-
BaHHBIX MSCHBIX IIPOJYKTOB: BapeHbIX KOM6AC, COCUCOK,
capfe/eK, IAIITeTOB, IOMY(paOpUKATOB OCYIIeCTBIIAIOT
IO CHefyIollell TeXHOMOTMYECKO) cxeme. MACOKOCTHOe
CbIpbe CHavajia IOABEPraloT CpefHEMY M3MeNTbYeHNIO [0
pasmepoB yactui MeHee 50-107 M, 3aTeM MeJIKOMY 13-
Me/TbYeHNI0 Ha 3KCIEepPVMEHTATbHOM BOYKe-pOOIIKe
mo pasMepos vacTui, MeHee (2-3)-107°m. IlomyueHHbIit
MSACOKOCTHBIN (papll OXIaKAAI0T, IOAMOPAKUBAIOT O
temneparypel 0°C. K Hemy [06aBnAIOT JIefAHYyI0 BORY
VI 9ellyYaThlil JIefi B COOTHOIIeHMM 1:2 u mepeme-
HIYBAIOT. Ty CMeCh IOABEPraloT NMEPBUYHOMY TOHKOMY
M3METbYEHNIO Ha YCTAaHOBKE M/iA TOHKOTO M3MeTbYeHUs
MACOKOCTHOTO CBIPbSI C 3a30pOM MeXAy Hoxamu 50-107°
M, 3aTeM OXTaXKJaloT fo TeMmeparypsl 0 °C. 3aTeM MsACO-
KOCTHBIII (hapIll BTOPMYHO TOHKO M3Me/TbYalOT Ha MalllHe
«Masskolloider MKZA 10-15]». [oTOBy0 MACOKOCTHYIO
[ACTy OTHPAB/IAIOT HA TEIUIOBYI0 00pabOTKy MM TOMO-
PaKMBAIOT ¥ OTIPABJIAIOT HA XpaHeHue [6].

Ob6pabomxa macokocmHoli nacmoi
MB0POHCHOLL CHLEOPOMKOLL

[lonydyenHyro MACOKOCTHYIO IAcTy IIOfIBEpPraroT Te-
IJIOBOII 06paboTKe ¢ MCIOIb30BaHNMEM peareHTa — TBO-
poxxHoll cbiBopoTku ¢ pH 4,3. TBopoxxHas ChIBOpPOTKa,
IPOHMKAs BHYTPb MAcChl, PaclleligeT CTPYKTYpPy KOCT-
HOJ TKaHU, IIPU 3TOM 00pas3yrTCs KOJUIOUHbIE PacTBO-
pumble coefuHenus. Ilop feficTBreM IPOTEONUTUIECKUX
(bepMeHTOB, cofep)KalMXCsA B TBOPOXKHOI CBIBOPOTKE,
IPONCXOAUT paclierieHre 6eTKOBbIX BellecTs. Temmnepa-
Typa 90-100 °C yckopsieT mpoljecc, I03BoJIsAeT pa3pyInuTh
CTPYKTYPY KOCTHOJ TKaHM U IOBBICUTH PACTBOPUMOCTD
COEMHNUTETbHOTKAaHHBIX O€/IKOB 1 M3B/IeYb MX U3 KOCT-
Horo Kapkaca. IIponecc nepeMelmnBanusa ¥ HarpeBaHUs
OCYILIECTB/IAETCA PV IOMOLIY MarHUTHON Memanku. [la-
7iee MOY4EHHbII NNIEBOl KOMIIOHEHT CYHIMTCA U MPO-
IyCKaeTCsA depes HabOp CUT, I ONpefieNieHNs TPaHyIIo-
MeTpHUYEeCKOro cocTana [5].

Texnonozus npouseobcmsa 6enko6020 Komnnexca

Ha ocHOBaHMU SKCIIepMMEHTA/IbHBIX VCC/IeOBAHMI
IO OIpeNe/IeHNI0 TeXHOJOTMYEeCKNX PEXNMMOB IIpOuU3-
BOJICTBA OETKOBOTO KOMIIIEKCA IPEIOXKeHa CIeAYIoIast
pelenTypa U TEXHOJOTM4YecKas CXeMa B COOTBETCTBUM
¢ Tabnuueii 1 u pucynkom 1.

IIpy XpaHeHUM NPUTOTOBJIEHHOIO OEIKOBOIO KOM-
IIeKca B TedeHue (4-6) 4 mpu Temmeparype (2-4) °C npo-
VICXOIMUT HEe3HAUYMTEIbHOEe M3MEHEHVe MUKPOOMaIbHOM
00CeMEHEHHOCTY B CTOPOHY yBe/IM4YeH s, 63 I3MEeHEH
xapakrepa MUKpOdIopbl. IT0 paza OCTAaHOBKM pOCTa Ie-
per HadajioM J0rapupMIIecKoro XapakTepa pa3MHOXe-
HA. VICXOpiA, 3 9TOTO CJIeflyeT, 4TO J/IUTe/IbHOE XpPaHeHNe
6€e/IKOBOTO KOMIIIEKCA ¥ TPV He COOMIOJEHNI PeXIMOB
OXJIKIEHMS Y XPaHEeHVSI MOXKET IIPMBECTU K IHTEHCUB-
HOMY PasBUTHUIO MUKPOOPraHM3MOB, 00yCIaBIMBaIOIINX
€ero mopuy.

MuHepabHBIT COCTaB 00PasIIOB OIPeNe/I/IN Ha Macc-
criektpoMerpe « VARIAN 820 ICP-MS» (¢pupma « VARIAN,
ABcTpanus), BUTAMUHHBIN ¥ aMUHOKMCTIOTHBI COCTaBbI
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The meat-bone paste, which can be used in the formula-
tion of the protein complexes instead of 10-50% of the ba-
sic raw material during production of the combined meat
products (cooked sausages, small sausages, pates, semi-fin-
ished food products) was produced by the following tech-
nological scheme. At first, meat-bone raw material is sub-
jected to medium comminution to a bone particle size less
than 50-10~m, then to fine comminution to a bone particle
size less than (2-3)-10~* m using an experimental grinder.
The obtained meat-bone forcemeat is cooled, slightly fro-
zen to a temperature of 0°C. The ice water or scale ice are
added to it in a ratio of 1:2 and mixed. This mixture is then
subjected to the first fine comminution in the grinder for
meat-bone raw material with the clearance between knifes
of 50-107° m, and then cooled to a temperature of 0°C. Af-
ter that, meat-bone forcemeat is finely comminuted for the
second time in the machine “Masscolloider MKZA 10-15]".
The finished meat-bone paste is sent to heat treatment or
additional freezing and then to storage [6].

Treatment of meat-bone paste with curd whey

The obtained meat-bone paste is subjected to heat
treatment with use of a reagent, curd whey, with pH 4,3.
Curd whey penetrates inside the mass and breaks up the
structure of the bone tissue; as this takes place, the colloid
soluble compounds are formed.

The breakdown of proteins occurs under the action of
the proteolytic enzymes of curd whey. A temperature of
90-100°C accelerates the process, allows destroying the
bone tissue structure and increasing the solubility of the
connective tissue proteins and their extraction from the
bone framework. After that, the obtained food component
is dried and caused to pass through a set of sieves for deter-
mining the granulometric composition [5].

Technology of protein complex production

Based on the experimental research on developing the
technological regimes of protein complex production, we
proposed the following formulation and technological
scheme as shown in Table 1 and Figure 1.

During storage of the prepared protein complex for
4-6 h at a temperature of 2-4°C, the microbial content
slightly increases without changes in the composition of
microflora. This is the lag-phase before the logarithmic
phase of reproduction. This suggests that long-term stor-
age of the protein complex and non-compliance with cool-
ing and storing regimes can lead to intensive development
of microorganisms, which cause spoilage.

The mineral composition of the samples was deter-
mined on the Mass Spectrometer VARIAN 820 ICP-MS
(VARIAN Company, Australia), the vitamin and amino
acid composition by the method of High Performance
Liquid Chromatography on the Liquid Chromatograph
LC-20 Prominence (Shimadzu Company, Japan) and the
chemical composition by the method of one specimen. The
method consists in the consequent detection of moisture,
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Broth from cooked

A

Emulsification of PFE |
SmMynbruposaHue B3

By/IbOH OT BapKu cybnpoayKToB
t=80-85°C

meat by-products | Meat-bone paste |

MsAcokocTHana nacTa

1=(0,18-0,29) - 10°c

A

Bone fat | KocTHbI Kup
t=70-75°C

Treatment with curd whey |
O6paboTKa TBOPOXKHOM CbIBOPOTKOM

Emulsification of PFBE |

SmynbrupoBaHue BXXKI

At=(0,11-0,18)-10%c Blood of cattle | K

A

t=20-

posb uenbHaa KPC
22°C

Food component |
MULeBoi KOMMNOHEHT

Ultrafine grinding | ToHKoe namenvyeHne t= (0,18 — 0,29) - 10° c

A

Cooling | OxnaxkaeHune

t=2-4°C,1=2,7-10%c

A

Storing | XpaHeHne t =4

°C,1=(2,16-4,32)-10*c

y

Using in production of meat products | Ucnon

b30BaHWeE B MPON3BOACTBE MACHbIX NPOAYKTOB

Figure 1. Technological line of production of protein compound
Puc. 1 TexHonmornyeckas cxemMa IPOM3BOLCTBA OEIKOBOTO KOMI

MEeTOJOM BbICOK03()(HeKTUBHOI )KMIKOCTHOI XpOMAaTOrpa-
¢um, Ha >xupkocTHOM Xpomarorpade «LC-20 Prominence»
(bupma Ilumapzy, SInoHms), XMMuYecKuii cocraB Me-
TOIOM OJIHOII HaBeCKM MCCIefyeMoil mpobbl. Meron 3a-
K/II0YaeTCs B IOC/IEOBATeIbHOM OIpeNe/IeHNN B OIHOI
HaBecKe IPOJIYKTa COAeP>KaHVs BIIaTH, XIPa, 307IbI U 6er-
ka (TOCT 9793-74, TOCT P 51479-99, TOCT 23042-86,
T'OCT 25011-81).

PCSYJIbTaTbI n 06CY)KJ.ICHI/I€

HUccneoosanue XumuuecKkozo, AaMuHOKUCI0MmHo20
U HUPHOKUCTIOMHO20 COCMABO6 6enk08020
Komniexkca

C 1e/1b10 060CHOBaHMA BO3SMO>KHOCTY UCTIONb30BAHMA
6€/IKOBOTO KOMIIIEKCA B IIPOM3BOJCTBE MACHBIX IIPOAYK-
TOB B3aMEH OCHOBHOTO CBIPbSl IMPOBENEH PAJ, MCCIENO-
BaHMit. CpaBHMUTE/IbHAA Oll€HKA XMMMYECKOTO COCTaBa
II0Ka3ajIa, YTO MO COfeP)KaHMIO MIIIEBbIX BEIeCcTB Oen-
KOBBII KOMIUIEKC He ycrynaeT KoHuHe I n II kareropun
(Tabm. 2).

AHanyu3 NONMy4eHHBIX NAaHHBIX ITOKa3bIBaeT, YTO Oesl-
KOBBIJ KOMIIJIEKC IO XMMMYECKOMY COCTaBy aHa/IOTM4eH
MsAcy KoHuHbI I  IT Kareropun. B pesynbrare nposeneH-
HBIX MCCIeJOBaHUII YCTAaHOB/IEHO HalM4Me TeCHOM KOop-
PEALVIOHHON CBA3Y MEXJY COOTHOUIEHVMAMMI OCHOBHBIX
KOMIIOHEHTOB. [InineBas Il€HHOCTb NI0OOTrO IPOAYKTa
MO>KeT OBITh OlLieHeHa II0 CTeIIeHM COOTBETCTBUS €T0 XM-
MMYECKOTO COCTaBa TpeGOoBaHMAM COATAHCHPOBAHHOCTH
KOMIIOHEHTOB, OIpee/NAINX MOTPeOHOCTh YeloBeKa

4

IJIEKCa

fat, ash and protein (GOST 9793-74, GOST R 51479-99,
GOST 23042-86, GOST 25011-81) in one specimen of a
product.

Table 1. Formulation of protein compound
Ta6muua 1. PerienTypa 6e1K0BOro KOMIIEKca

Raw material, kg | Coipbe, B k1
Broth from cooked meat by-products |
12,0
BynboHn ot Bapku cy6énpoaykros KPC
Bone fat | JKup koctub1i 12,94
Whole blood of cattle | Kpoeb nensnas KPC 6,0
Food component from bone |
I 7 69,06
HIIIeBOi KOMIIOHEHT U3 KOCTH
Total: | Urtoro: 100,0

Results and discussion

The chemical, amino acid and fatty acid

composition of the protein complex

To justify the possibility of using the protein complex
instead of the basic raw material in meat product produc-
tion, a number of investigations were carried out. The com-
parative assessment of the chemical composition showed
that the protein complex was as good as horse meat of cat-
egories I and II in terms of the nutrient content (Table 2).

The analysis of the obtained data showed that the pro-
tein complex was similar to horse meat of categories I
and II by the chemical composition. As a result of the
performed research, the close correlations between the

5
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Table 2. Comparative assessment of chemical composition of horse meat and protein compound
Ta6. 2. CpaBHUTEIbHAS OLEEHKA XHMITYECKOTO COCTaBa KOHIMHBI i 6€IKOBOro KOMIIIEKCA

Horse meat* | Konnna*

Protein complex |

Indicators, % | Iloxasarenu, %
category I | I xkareropyn

category II | I kareropun benkoBbIii KoMIIeKc

Moisture | Brara 69,60 73,90 70,21+0,20
Protein | benmok 19,50 20,90 15,39+0,10
Fat | Kup 9,90 4,10 12,94+0,12
Ash | 3oma 1,00 1,10 1,46+0,06

* Note: the data are obtained from the literature. | * Ilpuveyanne: jaHHbIe B3ATHI U3 TUTEPATYPHBIX UCTOUHIKOB.

B OCHOBHBIX IIMIIEBBIX BEI[eCTBAX M 9HEPIUH, /IS COXpa-
HeHusA 370poBbsA. Teopus c6alaHCMPOBAHHOTO NMUTAHUA
OTBeYaeT ONTYMA/IbHBIM IIPONOPIVIAM OTAE/IbHBIX MNIIle-
BBIX BEI[eCTB B pal[MOHAaX NMuUTaHMsA. [TaBHOe BHUMaHue
IIPY 9TOM Y/ie/IseTCSl He3aMeHVMbIM KOMITOHEHTaM MUIIN.

CooTHouleHne MeXxpay Oenkamy, KUpaMyu U yITIEBO-
mamy npuHATO 1:1,4:4,1 (1 miofeil 3aHMMAIONIVIXCSA YM-
CTBEHHBIM TpyzoMm) 1 1:1,3:3,5 (mpu ¢usndeckoM Tpyze).
ITpn oneHke c6amaHCHPOBAHHOCTU OETKOB YYUTHIBAIOT,
9TO Ha O€/IKY KMBOTHOTO IIPOMCXOXKEHNSA JJO/KHBI IIPY-
xoautcs 55 % obiero KonmyecTsa 6enka. [Inmesas meH-
HOCTb IPOZYKTa T€M BBIIIE, YeM B OOJIbILel] CTEIIeHN ero
XMMUYECKNIT ¥ aMUHOKJC/IOTHBIN COCTaBBI COOTBETCTBY-
10T popMyrie cOTaHCUPOBAHHOTO IIUTAHMSL.

AHanu3 KoHUHBI | Kareropum Ioxasa, 4To IpM Ha-
YUY HEKOTOPOTO 3allaca He3aMeHVMBIX aMIHOKIICIIOT,
OH He OfINHAKOB /I BCEX HUX U, YTO TaKye aMIHOKIICIIO-
ThI, KaK U3OJIEIIIVH, JIHIVIH, TPEOHVH, CepOCOeprKalle
AMUHOKVC/IOTBI ABJIAIOTCA TMMUTUPYIOIVIMU. DTO MOXKET
OKa3aTb CYIeCTBEHHOEe BJMAHME Ha COaTaHCUPOBaH-
HOCTb IIpY KOMOMHUpOBaHMUM 6enKoB. [l TOro, 4To0b!
3TO B/IMAHME He OBUIO OTPUIIATETbHBIM, HEOOXOAVIMO IIPH
VICIIO/Ib30BAHUY MACHOIT 00pe3y KOHCKOI B MACHBIX 13-
JMAX 060raImaTh ero 6eTKOBBIM KOMITTIEKCOM.

CpaBHNTeNbHAA OLIEHKAa aMMHOKJC/IOTHOTO COCTaBa
6enmkoBoro Komiiekca u KoHyHsl I u II xareropun npen-
CTaBJ/IeHa B Tabmume 3.

AHanu3 MaHHBIX aMMHOKMCIIOTHOTO COCTaBa CBHUE-
TE/IbCTBYET O COATaHCUPOBAHHOCTY HE3aMEHUMBbIX aMM-
HOKIC/IOT 6€/IKOBOTO KOMIIZIEKCA 1 BLICOKOM COJePXKaHUN
JTMMUTHUPYIOMINX OMOOTMYECKYI0 IIeHHOCTb He3aMeHM-
MBIX aMUHOKIC/IOT: JIN3VHA, JIEMIIHA, TPEOHNHA.

main component ratios were determined. The nutritive
value of any food product can be assessed by the degree
of compliance of its chemical composition with the re-
quirements of the component balance determining the
human need for the main essential nutrients and energy
for health maintenance. The theory of the balanced diet
corresponds to the optimum proportions of certain nu-
trients in a human diet. The primary attention is given to
the essential nutrients.

The ratio between proteins, fats and carbohydrates
is 1:1.4:4.1 (for individuals engaged in mental work) and
1:1.3:3.5 (for those engaged in physical work). When as-
sessing the protein balance, it is taken into consideration
that animal proteins should account for 55% of total pro-
tein content. The greater the degree of compliance of prod-
uct chemical and amino acid compositions with the cor-
responding formula of balanced nutrition, the higher the
nutritive value of a product.

The analysis of horse meat of category I showed, that
with the presence of the essential amino acids, their con-
tent is not the same, and several amino acids, such as iso-
leucine, leucine, threonine and sulfur-containing amino
acids, are limiting. That could have a serious effect on the
amino acid balance when combining proteins. To ensure
that this effect is not negative, it is necessary to enrich
horse meat trimmings with the protein complex when us-
ing them in meat products.

The comparative assessment of the amino acid compo-
sition of the protein complex and horse meat of categories
Iand II is presented in Table 3.

The data analysis of amino acid composition suggests
the balance of the essential amino acids in the protein

Table 3. Comparative assessment of amino acid composition of horse meat of I and II category and protein compound
Ta6m. 3. CpaBHHUTeNbHASA OL[eHKA aMITHOKICTIOTHOTO cocTaBa KoHuHbI I 1 I kaTeropun u 6e1koBoro KoMmmnaekca

Sl e oeik, * Horse meat of category II | | * Horse meat of category I | Protein complex |

g/100 3 of protein | Hesanenmunie *Konuna II kaTeropun * Konnna I kaTeropun benkoBblii KOMIITEKC

AMMHOKICIOTHL, T Ha 100 r 6enka
Valine | Banuu 10,79 6,11 5,98
Isoleucine | 3oneiiun 8,65 4,82 4,42
Leucine | Jleituun 16,18 9,13 9,17
Lysine | JIusun 18,83 7,56 8,77
Methionine | MeTnonus 5,12 2,09 2,01
Threonine | Tpeoxun 10,00 4,13 4,87
Tryptophan | Tpunrogpan 3,05 1,33 1,62
Phenylalanine | ®enunananun 9,28 3,86 3,83
ol esentalamine acls]

* Note: data from literature sources. | * [Ipumeuanme: JaHHbIe B3ATHI U3 TUTEPATYPHBIX UCTOYHIKOB.
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17151 6071€€ TOTHOTO MCCTIe;OBAHMA NNIIEeBO IIEHHOCTH
6e/TKOBOrO KOMIIZIEKCA VICCTIEIOBA/IN €T0 YKMPHOKMUCIOT-
HBIII cocTas (Tabm. 4). [Ipy u3ydeHNN >KMPHOKUCTOTHBIX
COCTaBOB 0€TKOBOTO KOMIIJIEKCA ¥ KOHMHBI YCTaHOBJIEHO,
9TO OGETKOBBII KOMIUIEKC II0 COfIePXKAHUIO XKMPHBIX KIC-
JIOT 3HAYUTENIbHO IpeBocXofuT KoHuHy II kareropmm,
oco6enHo no coxiepxkanmio ITHXKK, uto cBuperenpcTByeT
0 6M0/IOTMYEeCKO IIEHHOCTH 6€TKOBOTO KOMIITEKCA.

Onpebeneuue MuHepanvHviX eeuiecms
U BUMAMUHO8 8 0e/IKOBOM KOMNJIeKCe

I oLleHKM OMONIOrMYEecKOM ¥ MUIEBOI I[eHHOCTU
IIpOAyKTa COfiep)KaHMe BUTAMUHOB, MUKPO- M MaKpO3-
JIeMEHTOB IIPefiCTaB/IseT OOBIIOI MHTEPeC, TaK KakK OHO
MMeeT HelloCpelCTBeHHOe OTHOIIeHNe K IIpolieccaM po-
CTa, KpoBOOOpalleHNs1, 0OOMeHa BellecTB ¥ APYTUM IIpo-
1jeccaM, IPOUCXOAALIMM B OpraHusMe uenobeka. CoB-
pEeMeHHbIe IIPEACTaBAeHNsA O OMONIOIMYEeCKO IIeHHOCTH
IPOAYKTa IOATBEP>KAAIOT HEOOXOAMMOCTD JOCTATOYHOTO
copiep>kaHus B Iuiie Oe/ka, He3aMeHVMbIX AMIHOKVIC/IOT
U IPYTUX BOKHENIINX (GaKTOPOB IUTAHNS — BUTAMIHOB,
MUKpPO- ¥ MaKpO3JieMeHTOB. VI3061/1e 1y HeJoCTaToK
UX B OpraHM3Me BbI3bIBAaeT BpeJHOe JIeICTBUe, TaK Kak
OHM IPUHMMAIOT HEIIOCPEe[ICTBEHHOE y4yacTye B Mpoliec-
ce KpOBETBOPEHM U BIUAIOT HA [eATeIbHOCTb HEPBHOIA,
CepAeYHO-COCYAMUCTON CUCTEM U Jp.

OpnHoit 13 BakHeNINX (QYHKUIMII MMHEpPATbHBIX Be-
IIeCTB SIB/IAETCS COflep>KaHue B OpraHusMe HeoOXomu-
MOTO KUCTIOTHO-IIIeIOYHOTO paBHOBecus:. VccnenoBanus
MHOTUX aBTOPOB CBUJIETE/IbCTBYIOT O TOM, 4TO docdop,
MarHmii, KaabLtii, JKe/e3o0, a TaKkKe MUKPO3/IeMeHThI He-
06XOMIMBI [I/1A IIOJTHOL[€HHOTo uTanus [7, 8].

3HaunTenbHas GpusnoIorndeckas aKTMBHOCTb MUKPO-
3/1eMEeHTOB, HeCMOTpPsl Ha Majloe Cofiep>KaHue UX B opra-
HU3Me, OOBACHAETCS TeM, YTO OHM IPUHMMAIOT y4acTue
B CTPYKType psfa ¢pepMeHTOB, TOPMOHOB, BUTAMIHOB.
Ponmb MUKpoO3/ieMeHTOB B OpraHmu3Me Be/MKa, TaK Kak
BCe peakIuy CUHTe3a, pacrazia, oOMeHa IPOTeKaT IpK
aKTMBHOM MX y4dacTuu. CjefoBaTe/lbHO, MOXHO CHIe/IaTh
BBIBOJI, YTO [JOCTAaTOYHOE KOMNYECTBO MUKPO3/TEMEHTOB
SABJIACTCSA ONHMM U3 OIpefe/omnx (HakTOpoB IMOTHO-

complex and a high content of the essential amino acids
limiting the biological value: lysine, leucine and threo-
nine.

For more complete study of the protein complex nu-
tritive value, the fatty acid composition was analyzed
(Table 4). When studying the fatty acid composition of
the protein complex and horse meat, it was established
that the protein complex is far superior to horse meat of
category II in terms of the fatty acid content, especially
content of PUFAs, which demonstrated the biological val-
ue of the protein complex.

Determination of mineral elements and vitamins
in the protein complex

The content of vitamins and macro- and microelements
is of great interest for evaluation of the product biological
and nutritive value as they are directly relevant to the pro-
cess of growth, blood circulation, metabolism and other
processes, which occur in a human body. The present con-
cept of the food product biological value confirms the need
for sufficient content of proteins, essential amino acids and
other important factors of nutrition, such as vitamins,
macro- and microelements, in food. Their abundance or
deficiency in a human body has a detrimental effect as
they are directly involved in hemopoiesis and influence the
function of the nervous and cardiovascular systems, and
others.

One of the main functions of mineral elements is to en-
sure the necessary acid-alkaline balance in an organism.
Research studies of many authors suggest that phospho-
rous, magnesium, calcium, iron and microelements are es-
sential for adequate nutrition (7, 8].

The significant physiological activity of microele-
ments despite their low content in an organism is at-
tributed to their involvement in the structure of several
enzymes, hormones and vitamins. The role of microele-
ments in an organism is significant as all reactions of
synthesis, breakdown and metabolism occur with their
active participation. Therefore, it can be concluded that
sufficient quantity of microelements is one of the deter-
mining factors for human adequate nutrition. The con-

Table 4. Comparative assessment of amino acid composition of horse meat of I and II category and protein compound
Tabmuia 4. CpaBHUTETbHAS OlleHKA aMUHOKICTTIOTHOTO cocTaBa KoHUHBI I i IT kaTeropuu u 6€1K0BOro KomMmiekca

Fatty acids, g/100 g | Code of acid | * Horse meat of II category | Protein complex |

JKupHbie kucnotsl, r Ha 100 r npogykTa Kop x1ucmoTs1 *Konuna II xareropun benkosplii KoMIImexc
Saturated: | Hacbiuienusie:
Myristic | MupucrusHoBas (C14:0) 0,29 0,42
Palmitinic | lTaneMuTnHOBasK (C16:0) 2,29 3,64
Stearinic | CreapunoBas (C18:0) 0,39 0,87
Monounsaturated: |
MoHOHeHAaChIIeHHbIE:
Myristoleic | MupucronentoBas (C14:1) 0,06 0,22
Palmitoleic | IlanbmMutonensosa (C16:1) 0,73 0,99
Oleinic | OnennoBas (C18:1) 3,23 5,01
Polyunsaturated: | IlonnnenacpiueHusre:
Linoleic | JTnnomeBas (C18:2) 1,12 1,60
Linolenic | TunonexoBas (C18:3) 0,17 0,17
Arachidonic | ApaxugoHoBas (C20:4) 0,02 0,02

* Note: data from literature sources. | * Ilpumeuanue: faHHble B3ATHI U3 TUTEPATYPHBIX UCTOYHUKOB.
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IIeHHOTO IMTAaHMA YeloBeka. Pesy/bTaTsl aHammsa cogep-
JKaHWsSI MUHEPAIbHBIX BEIeCTB NPUBENEH HA PUCYHKE
2. ButaMuHHBIN cOCcTaB 6€IKOBOTO KOMIIIEKCA BKIIIOYa-
et: Tuamu# (Bl) — 0,05 mr/100 r, pu6odmasun (B2) —
0,064 mr/100 r, amauns (PP) — 0,64 mr/100 1, ackop6uHO-
Bas kucnora (C) — 0,85 mr/100 r.

Bonbuias mMaccoBas monsa Oenka B NMUILEBOM KOMIIO-
HeHTe, 6eTKOBOM KOMIIIEKCE €llfe He SIB/ISETCS KPUTEePH-
€M BBICOKOJT OMOTOrNYeCKOIl IIeHHOCTH, ¥ T09TOMY HaMU
ObUTM [OIOMTHUTEBHO PACCIMTAHBI AMUHOKUCIOTHBIE
CKOPBI MHUIIEBOrO KOMIIOHEHTA U GETKOBOTO KOMIUIEKCA.
Pe3ynbTaTbl MCCIEOBaHMs OMONTOINIECKON II€HHOCTH
KOHMHBI I KaTeropmu, MMIEBOr0 KOMIIOHEHTA U3 KOCTH
1 6e/TKOBOTO KOMIUTEKCA TMPeCcTaBIeHbl B TAOMMIeE 5.

tent of mineral elements in the protein complex is shown
in figure 2. The vitamin composition of the protein com-
plex includes: thiamine (B1) — 0,05 mg/100 g, riboflavin
(B2) — 0,064 mg/100 g, niacin (PP) — 0,64 mg/100 g,
ascorbic acid (C) — 0,85 mg/100 g.

The high mass fraction of protein in the food compo-
nent and the protein complex is not a criterion of the high
biological value of the products, and, therefore, the amino
acid scores of the food component and the protein complex
were additionally calculated. The results of the research of
the biological value of horse meat of category II, the food
component from bone and the protein complex are shown
in Table 5.
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Table 5. Comparative analysis of biological value of horse meat of II category, food component from bone and protein compound
Ta6m. 5. CpaBHUTETbHBIIT aHATIN3 OHOTOTITYECKOIT IIeHHOCTY KOHMHBI 1 KaTeropuu, MiiieBoro KOMIIOHEHTA U3 KOCTH 1 G€TTKOBOro KOMIUIEKCa

| AMIHOKUCTOTHBIIT CKOP, %/Amino acid score, %
Amino acids | AmuHOKMCTOTHI Horse meat of II category | frolr:r(l)(l))((l)rcl‘enrg;ne:;oﬁ Protein complex |
Konuna II kareropuu 0 benkosblii KoMImexc
KOMIIOHEHT M3 KOCTU

Valine | Bamuu 103 109 120
Isoleucine | 3oneiiun 103 113 110
Leucine | /Teityun 110 142 131
Lysine | /Insun 163 157 159
Methionine + cystine | MeTronuH + mucrus 114 101 106
Threonine | Tpeonux 119 124 122
Tryptophan | Tpunrtodan 146 173 162
g)henylalamne + tyrosine | 133 106 115

€HMTATAaHIH + TUPO3IH
}{“ imiting aming acids| Her/No Het/No Het/No

HMUTHPYIOLYe AMIHOKICIOTHI
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3akiaoueHne

Taxum o6pa3oM, B pesynbTaTe IPOBEEHHBIX 9KCIIEPU-
MEHTA/IbHBIX MCC/IEJOBAHMIT IPefIO>KeHa KOMIUIEKCHAs
nepepaboTKa MACOKOCTHOTO CBIPB J/IS TIOJTy9€HIS MACO-
KOCTHOJT IIaCTBI ¥ TEIUIOBasi 06paboTKa MACOKOCTHOI Ia-
CTBI TBOPOXKHOI CBIBOPOTKOI /I ITO/TyYE€HNA NUILIEBOTO
KOMITOHEeHTa. B xoze paspaboTku 6e1KoBOro KOMIIEKca,
COCTOALINII U3 MUILEBOTO KOMIIOHEHTa U3 KOCTU U Oer-
KOBO-XX1po-KpoBsHO! aMmynbcuu (BXKK9I), ompenenena
nuieBas ¥ O1oIorndecKas eHHOCTD, JOKa3aHa BO3MOX-
HOCTb MCIO/Nb30BaHMA OEIKOBOTO KOMIUIEKCA B3aMeH
OCHOBHOTO CBIPbsI B IIPOM3BOACTBE MACHBIX IPOLYKTOB.
CpaBHUTE/IbHAA OLIEHKA XMMIYECKOTO COCTaBa II0KA3asIa,
YTO IO COfIeP>KAHNUIO MNIIEBLIX BEIIeCTB OeTKOBBIN KOM-
I1eKc He ycTymnaeT KonuHe I u I kateropun. AMmHOKMC-
JIOTHBIII COCTaB OEIKOBOIO KOMIITIEKCA CBUIETEIbCTBYET
0 c6aIaHCHPOBAHHOCTY U BBICOKOM COZIep>KaHUM JIMMM-
TUPYIOLUX OMONTOIMYECKYI0 I[eHHOCTb He3aMeHMMBIX
aMMHOKIICIIOT: IM3MHA, TelINHA, TpeoHnHa. Habmomae-
Cs1 BBICOKOE COfiep>KaHMe IO/IMHEeHACHIeHHBIX JKMPHBIX
KICTIOT B O€TKOBOM KOMIIIEKCE, YTO CBUJETEIbCTBYET
0 OMOJIOTIYECKOI LIEHHOCTN O€TKOBOr0 KOMIITIEKCA.

Vicxopst 3 mpOBeleHHBIX MCCIeOBAHNII VI TIOTy4YeH-
HBIX pe3y/IbTaTOB, OEITKOBBII KOMIIIEKC Ha OCHOBE IIN-
meBoro kommnoHeHTa u3 koctu n b)KKS Bo3MoxHO uC-
II0/Ib30BaTh B PeLleNIType MACHBIX IIPOJyKTOB IIpU 3aMeHe
OCHOBHOTO CBIPbSI.

bnarogapHocTh

ABTOpBI 671arOfAPAT COTPYAHMKOB aKKpPEAUTOBAHHON
VICIIBITATe/IbHOJ PerOHaIbHOM J1ab0paTopuyl MHKeHEePHO-
ro npodus «HaydHblil LIeHTp pafiMiosKOIOINYeCKIX UCCTIe-
TOBaHMIT» TOCYAApCTBEHHOro yHuBepcutera nMenn Illaxa-
puma r. CeMeili 3a TOMOLIb TP TPOBETIEHNI aHATU30B.
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Conclusion

Thus, as a result of the performed research, the com-
plex processing of meat-bone raw material for meat-bone
paste production and heat treatment of meat-bone paste
with curd whey for food component production were
proposed. During the development of the protein com-
plex consisting of the food component from bone and
protein-fat-blood emulsion (PFBE), the nutritive and bi-
ological value was determined, the possibility to use the
protein complex instead of the basic food raw material
in meat product production was proven. The compara-
tive analysis of the chemical composition showed that the
protein complex was as good as horse meat of categories
I and II in terms of the nutrient content. The amino acid
composition of the protein complex demonstrated the
balance of the essential amino acids and a high content
of the essential amino acids limiting the biological value:
lysine, leucine and threonine.

The high content of the polyunsaturated fatty acids
was observed in the protein complex, which indicates the
biological value of the protein complex. Based on the per-
formed research and the obtained results, it was concluded
that the protein complex based on the food component
and PFBE can be used in formulations of meat products
instead of the basic raw material.
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VMICCITETJOBAHUSA CAHUTAPHO-TUTMEHNYECKUX
XAPAKTEPUCTUK MHOTOC/IOVMHBIX ITOJIMMEPHBIX INTEHOK
/11 BAKYYMHON YIIAKOBKU, MOOU®UIIIPOBAHHON
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Annomauus

B pabome npedcmasnervt pesynvmamol HAy4HbIX UCCTIE008AHULL
CAHUMAPHO-2UUEHUHECKUX XAPAKMEPUCHIUK MHO20CTIOHbLX NO-
JIUMEPHBIX NJIEHOUHDIX MAMEPUAnos ONIA 8aAKYYMHOU ynaKoexu,
20e 8HympenHell c10ll, KOMOPbILl HenocpeocmeeHHo KOHMAKmu-
pyem ¢ nuusesvim NPOoOyKMom MOOUPUUUPOSAH NPUPOOHBIMU
AHMUMUKPOOHBIMU KOMNOHEHINAMU.

BBenenue

Pa3BuTie YIAaKOBOYHON OTpPACy NPUBEIO K ITOBbI-
IIEHNIO POJIM YIIAaKOBKM B COBPEMEHHOM IIPOM3BOJCTBE
HPOAYKTOB MUTaHNUsA. TUII U CAaHUTAPHOE COCTOSIHNUE YIIa-
KOBKJ IIPM3HAHbI OFHMMIU 13 OCHOBHBIX (DaKTOPOB, B/IM-
SIOLMX HA KAa4yeCTBO ¥ IMPOJO/DKUTENBHOCTD XPaHEHNs
pacdacoBaHHOII MOIOYHOI Ipoaykuuu. ITomnmo obec-
HevYeHNsi COXPAHHOCTH MIPOAYKTA OT BHELIHMX 3arpsi3He-
HUIT ¥ [IPUB/IEKATENIPHOTO BHEUIHETO BUJjAa K COBpEMeH-
HOJ1 YITaKOBKe IPebsIBIISIIOTCS TPeOOBaHMS 110 aKTUBHOI
3aIUTe COfIeP>KIMOTO.

IIpn xpaHeHMM OONBIIMHCTBA IMPOAYKTOB MUTAHMUS
B IPOMCXOAAMINX C HUMM XUMMYECKMX U MMUKPOOMOIIO-
TMYeCKUX VI3MEHEHMAX OCHOBHYIO PO/Ib UTPAeT COBOKYII-
HOCTb HECKOJIbKVX (PaKTOPOB: KUCTIOPOJ, CBET U TeMIle-
patypa. Hambomee [OCTYHHBIM M pacIpOCTpaHEHHBIM
IPUEMOM YCTPaHEHN MOPYY IPORYKTOB IIOf] BIMAHIEM
KICTIOpOJa Ha3bIBAIOT YIIAKOBBIBAHIE, TIPY KOTOPOM IIPO-
MCXOIMT BaKyyMHOe yaaneHue Kucnopopa. ITocroanHoe
pacuIMpeHne aCCOPTYMEHTA NNIIEBBIX IIPOAYKTOB, a TaK-
Ke 00Ias TeH/IEHIUA YBEIMYEHNA UX CPOKOB TOTHOCTH
IpebABIIAIT 0COObIe TPeOOBAHMA K MICIIOIb3YeMbIM YIIa-
KOBOYHBIM MarepyajzaM U M3TOTOBJIEHHON MX HUX Tape.
XUMMYeCKMit COCTAB M CTPYKTYpa YIIAKOBOYHBIX MaTepu-
aJI0B OIIPeJIe/IAI0T He TONbKO 6€30I1acHOCTD UX MCIIONb30-
BaHMA IPY KOHTAKTE C IIPOYKTOM, HO ¥ 00eCIednBaoT
KOMIIIEKC TpeOyeMbIX (YHKI[MOHAIBHBIX CBONCTB (1, 2].

OnHOIt M3 CyILIeCTBEHHBIX MPOO/IeM ABJIAETCA IOJAB-
JIeHMe POCTa HeXKeaTelbHON IIOBEPXHOCTHONM MUKPOQ-
JIOpBI Ha MIPOAIyKTaX MUTaHMA. [JaHHYI0 Tpo61eMy MOXHO
PEIINTD 32 CYET VICIOIb30BAHNA ChIPbEBbIX KOMIIOHEHTOB
HOBBIIIEHHON MUKPOOMOIOTNYeCKOI YMCTOThI, TPUMeHe-
HJeM OIpefie/leHHBIX CTaOUIN3NPYIONINX J06ABOK B IIPO-
IlyKTaX, IPYMEHEHNEM METO/Ia aCeNTUYecKoil pacdacos-
ku. IlepcrekTMBHO HamlpaBjieHue, Bce 0Oojee aKTUBHO
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Abstract

The results of the research works related to investigation of san-
itary-hygienic characteristics of multilayer polymer film materi-
als where the inner layer contacting directly with food product is
modified by native antimicrobial components.

Introduction

Development of the packaging branch resulted in im-
proving the level of packaging in the field of food products
manufacture. Type and sanitary conditions of packaging
are one of the basic factors influencing the packed milk
products quality and storage life. Besides of the product
safety guarantee against air pollution and attractive ap-
pearance modern packaging requires active protection of
its content.

During the majority of food products storage chemical
and microbiological changers take place due to the complex
of the following factors: oxygen, light and temperature. The
most available and wide-spread method used to eliminate
the products contamination under the influence of oxygen
is packaging when oxygen removal takes place. The constant
expansion of food products assortment as well current ten-
dency to improve their storage life forces to make special
demands to applied packaging materials and containers
manufactured from them. The chemical composition and
packaging materials structure specify not only safety of their
usage during contact with this product but provide the com-
plex of the required functional properties [1, 2].

One of the main problems is inhibition of undesirable
surface microflora growth on food products. The men-
tioned problem can be tackled by usage of raw materials
components with high microbial purity, usage of the spe-
cific stabilizing additives in the products and aseptic pack-
aging method. The perspective direction being very popu-
lar nowadays abroad is usage of so called active packaging
i.e. packaging influencing directly the product [3, 4].

At present Russian food particularly meat industry
have no packaging materials possessing antimicrobial, an-
tioxidant and some other properties relating to the packed
product able to stabilize its safety characteristics during
storage as well as prevent inhibitory development of un-
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pasBuBarolleecs 3a pyOe>XoM -JMCIONTb30BaHNe TaK Ha3bl-
BaeMOJl aKTVBHOII YIIaKOBKY, T.e. YIIAKOBKY, HAIIPaBJIeH-
HO BJIUAIONIEN Ha IPOAYKT [3, 4].

B Hacrosi1iee BpeMs B OTeUeCTBEHHOI MUILEBOIT, 4acT-
HOCTY, MSCHOJ IIPOMBIIIIEHHOCTY OTCYTCTBYIOT YIIaKO-
BOYHbIe MaTepuasbl, obOnajapIiue aHTUMUKPOOHBIMU
AQHTVMOKCU/IAHTHBIMI ¥ IPYTVIMU CBOVICTBAMM IO OTHOIIIE-
HUIO K pac)acoBaHHOMY IIPOAYKTY, CIIOCOOHBIE CTaOVIN-
3MpPOBATh €ro IOKa3aTeau 6e30MacHOCTY IpK XPaHEHUN,
a TaKXKe, MHIMONPYIOIIVe pa3BUTHe HeXelaTe/IbHON MU-
KpOQIOpbI Ha MOBEPXHOCTY YIAKOBKU IIPU €€ BO3MOX-
HOM BTOPUYHOM 00CeMeHeHUN.

OnbIT pabOTHl MOKA3BIBAET, YTO 3HAUMTENBHOI IIEp-
CIIeKTMBOJI /11 BAKYYMHOTO YIIaKOBBIBaHNA 00/Ia/Jal0T 110-
NVMepHble TIEHOYHbIe MaTePHabl, B KOTOPBIX B KadeCTBe
6apbepHOTO C/1051 VICIIO/Ib3YeTCs IO/IVIAMI, IIPEACTABIIAIO-
i 13 ce0sl MHepTHBI MaTepuaJl, IIPY3HAHHBI Oe3Bpef-
HBIM JUI1 KOHTaKTa C IMIIEBBIMM IPOAYKTAaMM B HaIleil
ctpaHe. [TakeTbl U3 JTaHHOTO MaTepuana 00/IajaloT He0OX0-
AVIMOJ IIPOHNUIIAEMOCTBIO 10 OTHOLIEHWIO K YIJIEKMCTIOMY
rasy U, OfHOBPEMEeHHO, He IPOITYCKAIOT Mapbl KUCTIOPOJA.
CylIecTBeHHO, YTO Ha CTafiuyi IPOM3BOACTBA 3aTOTOBKM
3TUX NAKeTOB 0OpabaThIBAIOT IIPY BBICOKOI TeMIleparype
U OTIIPAB/ISIOT HA JIA/TbHEIIINE ITAIIBI B CTEPUITN30BAHHOM
BUfle — JIaHHBI BaKT TOMOXKUTETPHO BIMsIET HA COXPaH-
HOCTD IIPOJIyKTOB IIUTAHNA B IIOZOOHOM yIIakoBKe [4].

MaTepmamﬂ " ME€TOJIbI

B ®I'BHY «BHMMI» npoBopsaTcst paboThl 1o co3pa-
HIIO MHHOBAIIIOHHBIX MHOTOC/IOMHBIX IOIVIMEPHBIX TIJIe-
HOK, I7le BHYTPEHHEell CJI0M, KOTOPBIil HENOCPENCTBEHHO
KOHTAKTUPYeT C IMMIIEBBIM NPOLYKTOM MOAM(UIMPOBAH
IPUPOSHBIMYU AHTUMMUKPOOHBIMI KOMIOHEHTAMIL.

B kayecTBe aHTMMMKPOOHOTO KOMIIOHEHTA HaMU OB/
BBIOpAaH 9KCTPAKT KOPBI Oepe3bl, B KOTOPOM OCHOBHBIM
IeJICTBYIOLIMM BeIleCTBOM fB/AeTcsA beTynmuH (6eTymm-
non C, H 6003) B KOHIIeHTpanuu He MeHee 70%.

[TockonpKy BBefieHVEe TIOOBIX KOMIIOHEHTOB, y/Iyd4lla-
IOIUX VIV IPUJAIOIMX HOBbIE CBOJCTBA YIIAKOBOUHBIM
MaTepuagaM, MOXeT IIPUBECTM K YXYAUIEHNIO CBOJICTB
MO/MVMMEPHBIX MaTepuajsoB HaMy ObII HpPOBEIEHBI JC-
C/IeOBAaHMsI CAaHUTAPHO-TUTMEHNYECKNX XapaKTepUCTUK
MHOTOC/IOVMHBIX IIONVMMEPHBIX IUIEHOK, B KOTOPBIX BHY-
TPEHHUII C/10¥l MOMGUIVPOBAH MPUPOXHBIMU aHTUMMU-
KPOOHBIMY KOMIIOHEHTAMM B Pa3IMYHOl KOHIIEHTPALIUIL.

O6pasubl TMOMMMEPHBIX MOAMGUIMPOBAHHBIX MOJN-
MEpHBIX IVICHOK MIMEIOT C/IeTKa 307I0THCTO-OeXeBblil OT-
TEHOK, paBHOMEPHBIII 10 Beell Macce uspenus. Ha mosepx-
HOCTY He HaO/TIOfIAl0TCA TPELVHBI IPOKOJIBI U BU3Ya/IbHbIE
nedexTol. Ilo BHemHeMy BUAY M3[EMUA COOTBETCTBYIOT
tpe6oBaruam TP TC 005/2011 «O 6e30macHOCTI yIIaKOB-
K1» BopHbIe BBITSKKY M3 MCCIETOBAaHHBIX 00PasIoB Ipy
BCEX TeMIlepaTypaX M CPOKax SKCHO3MLIMM He COfeprKaT
MYTHU MM OCaJKa M He M3MeHAIT 1Bera. C yBenMyeHneMm
TeMIIepPaTypbl HAOMIOAETCA YCU/IeH)e 3aIIaXa BBITSKEK 13
OIBITHBIX 00PA3IIOBbI IVIEHOK 110 CPABHEHMIO C BBITAKKOI
U3 KOHTPOJIbHBIX 00pa31ioB. Bo Bcex cyyasx oljeHKa 3ama-
Xa He IIpeBbIIIaeT 1 6ajia, 4To COOTBETCTBYET TpeOOBaHM-
AM PocrioTpe6Haa3opa K MOMMMEPHBIM MaTepuataM, KOH-
TaKTUPYIOLUIVM C IUIIEBbIMYU IPOLYKTAMU Y TEXHNYECKOTO
periaMeHTa TaMOXXeHHOT0 coro3a (puc. 1).
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desirable microflora on the packaging surface during pos-
sible secondary contamination.

The experiment shows that polymer film materials pos-
ses the important perspective for vacuum packaging where
polyamide representing inert material is used as the bar-
rier layer being harmless for contact with food products in
our country. Bags from the mentioned material possesses
the required penetrability relating to carbon dioxide and
simultaneously don't leak oxygen vapors. It is important
that on the production stage intermediates of these bags
are treated at high temperature and delivered to the further
stages in sterilized form. It is influenced very positively on
storage life of these products in such bags. [4].

Materials and methods

FGBNU «VNIMI» is carrying out the works covering
the creation of innovative multilayer polymer films where
inner layer contacting with food product is modified by
native antimicrobial components.

Birch bark extract has been chosen as the antimicrobial
component where betulin (betulenol C, H_ O,) is the basic
active substance in the concentration not less than 70%.

Whereas introduction of any components improving
or adding new properties to packing materials can result
in impairing of polymer materials quality we studied san-
itary-hygienic characteristics of multilayer polymer films
where inner layer was modified by native antimicrobial
components in different concentration.

The patterns of modified polymer films have slightly
goldish-beige tint distributed evenly over the product sur-
face. There are no crazings, punctures and visual defects on
the surface. Seemingly the product corresponds to TR TC
005/2011 requirements «About Packaging Material Safety».
Aqueous extracts from the studied patterns at all tempera-
tures and exposure periods contain now slime or sediment
and don’t change the color. Increasing the temperature
results in smell intensification of extracts from test film
samples comparing to the extracts from control samples.

Sample Ne 1 (Control) |
O6pasey Ne 1 (K)
1

0,8
0;6
04

Sample Ne 5 (2.0%) |
O6pasey Ne 5 (2,0 %)

Sample Ne 2 (0.5%) |
O6paseu Ne 2 (0,5%)

Sample N2 4 (1,5%) | Sample Ne 3 (1%) |
Ob6pasey N2 4 (1,5%) O6pasey, Ne 3 (1%)
20°C =0 40 °C —8—60 °C

Figure 1. Organoleptic evaluation of aqueous extracts from polymer
multilayer films modified by native antimicrobial components in dif-
ferent concentrations at different temperatures of testing and 10 days
exposition

Puc. 1. Opranonentudeckas OLeHKa BOGHBIX BBITSDKEK U3 IOMUMep-
HBIX MHOTOCIONHBIX IUICHOK, MORM(UIMPOBAHHBIX MPYMPOSHBIMU
AHTMMUKPOOHBIMY KOMIIOHEHTaM) B PA3/INYHBIX KOHIIEHTPALILAX
IpY pas/IMYHBIX TeMIepaTypax UCIBITaHUA U 9Kcrosunyuu 10 cyTok
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Pe3ynbrarsl u ux 06cyKaeHMe

VccnenoBanne Ha cofepyxanus popmanbaernsia B BOj-
HBIX BBITSDKKaX II0Ka3aso, 4TO BO Bcex obpasmax ¢op-
MaJIbfIeT]] OTCYTCTBYeT. DTO IOATBEP)KAaeT TOT (akT,
YTO Ha/MNM4Me B OMBITHBIX 00Opasjax 9KCTPAKTa B KOHIIEH-
Tpauun 1o 1% He yXy#llaeT CaHMTApHO-TUTMEHUYECKNE
IOKas3aTe/n MaTepuara.

IIpoBenenHble 3KCIEPUMEHTAIbHbIE MCCIELOBaHUSA
IIOKa3aaM, 4YTO YBeNIM4YeHMe KOHLIEHTpaluM 3KCTpakK-
Ta B MaTepuaje NPUBOIUT K YBEIUYEHMIO COREpIKaHUA
OpOMMPYIOIUXCS BEl|eCTB B BOAHBIX BBITSDKKAX (pHCy-
HOK 2). 9TO MOXET ObITh CBI3aHO C Ha/MMYMEM JBOIIHOI
CBsA3M B cTpoeHun GerymmHona. OgHAKO OIpepensieMoe
CyMMapHO€ KOJINYeCTBO OpPraHMYeCKMX BEIeCTB, pearu-
PYIOLIX ¢ 6pOMOM, HE3HAYNUTENBHO, YTO IO3BOJISIET CUM-
TaTh MCCIeAyeMble 00pasIbl MaTepyaa IPUTOfHbIMIA IS
JICIIO/Ib30BAHNA B MUILE€BOI MPOMBIIJICHHOCTI.

Hccneoosanue usmenenust cocmosHus
nosepxﬂocmu ONvlMHLLX 061)6!31408

[TpuHATasA HaMM 3a OCHOBY pabodyas TMIIOTe3a TOBO-
PUT O TOM, YTO AHTMMMKPOOHBIE BellecTBa 3KCTPAKTa,
MOCTEINIeHHO BBIZIENIAACH B IPOIlecce XpaHeHM U3 YIaKo-
BOYHOTO Marepuana, fUPQPyHAUPYIOT Ha IOBEPXHOCTD
IS aKTVBHOTO BIIMAHNA Ha MMKPOOPTaHM3MBbI IIOBEpPX-
HOCTHOII mopun. B pamkax paboThl Hafi HOATBEPXK/eHN-
eM JJAHHOTO IIPENINONIOKeHNA ObIZIO NMPUHATO pelleHye
0 IIPOBEJEHUN PANA SKCIEPUMEHTOB /1A OL[eHKM COCTO-
AHNA MOBEPXHOCTM 00pasl[oB Marepuasna, MOAVPUIIN-
POBaHHBIX 3KCTPAKTOM.

B xadecTBe BU3Yya/bHOTO IOATBEPXKAEHMA HAMNYUA
5KCTPAKTa Ha IMOBEPXHOCTM YIAKOBOYHOTO MaTepuara,
HOTEHIMA/IbHO KOHTAKTHUPYIOIIET0 C MPOXYKTOM, ObLIN
caenanbl ororpaduy MOBEPXHOCTM 00pasIOB IIEHOK
IOJi MMKPOCKOIIOM ¢ yBenmueHueM 300 pas (puc. 3.).

Ha mnomy4eHHBIX MMKPOCHMMKAaX ObIJIO OTMEYEHO
U3MEHEHNe IIOBEPXHOCTHOI CTPYKTYpPbhl IOMMMEPHBIX
IUVICHOK: TIPM YBEIMYEHMM KOHLEHTPALMM 3SKCTPAKTa
Ha IIOBEPXHOCTM MaTepuana 6oree OTYET/IMBO 3aMeT-
HBI JIONIOTHUTE/IbHbIE BKTIOUEHNUA B BUJE MUKPOX/IONbEB
CBETJIO-KEITOTO IBeTa. ITO MOXKET OBITh CBA3aHHO C yCH-
JIeHVeM MUTPAlMiy aHTUMMKPOOHBIX BEIIeCTB 9KCTPAKTa
Ha TIOBEPXHOCTb.

0,18
0,16
0,14
0,12

0,1

y =0,068x + 0,03

0,08
R?=0,9731

0,06
0,040

0,02

Content of brominating matters, mg/I |
CopepskaHue 6pomupylomxcs Bewecrs, mr/n

0 0,5 1,5

Concentration of antimicrobial additive, % |
KoHueHTpauma aHTMMUKpo6Hoii ao6aBku, %

1

Figure 2. Content of brominating matters in aqueous extracts of the
modified film tested samples

Puc. 2. Copepyxanue 6pOMUPYIOIINXCA BELIECTB B BOJFHBIX BBITAKKAX
U3 MCCTIeJOBAaHHBIX 00pasi[oB MOMOUIMPOBAHHON TIEHKN
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In all cases smell evaluation doesn't exceed 1 point that
corresponds to Rospotrebnadzor requirements to polymer
materials contacting with food products and technical reg-
ulations of customs union (Figure 1).

Results and discussion

Studies aimed at determination of formaldehyde in
aqueous extracts showed that it is absent in all samples.
It confirms the fact that presence of the extract —(1% con-
centration) in the analyzed samples doesn't deteriorate the
material sanitary-hygienic characteristics

The carried out tests showed that increase of extract
concentration in the material results in increase of bromi-
nating substances in aqueous extracts (Figure 2). It can be
connected with the presence of double bond in betulinol
structure. However the determined total amount of or-
ganic matters contacting with bromine is insignificant that
makes it possible to consider the material test samples ac-
ceptable for usage in food industry.

Studying of the surface state
and the tested samples changes

The working hypothesis accepted as the basis shows
that the extract antimicrobial matters extracting gradu-
ally in the process of storage from the packing material are
diffused on the surface for active impact on microorgan-
isms on surface spoiling. In the frame of this work aimed
at confirming of such hypothesis the decision to carry out
series of experiments to evaluate the state of samples mate-
rial surface modified by the extract was made.

As visual confirmation of extract presence on the pack-
aging material surface contacting potentially with the
product the pictures of the film samples surface under a
microscope with 300 times increase (Figure 3).

The received micrographs showed the structure change
on polymer films surface: with the increase of extract con-
centration on extra enclosures of pale yellow microflakes
are distinctly visible on the material surface. It may be
connected with intensification of the extract antimicrobial
substances migration to the surface.

In cooperation with our colleagues the infrared spectra
of the developed test multilayer films modified by native
antimicrobial components have been realized.

a) Sample 1(K) | a) O6pasen, 1(K)  b) Sample 2 (0.5) | 6) O6paszey 2 (0,5)

Figure 3. Micropictures of a surface of the studied samples
Puc. 3. MUKpOCHMMKN ITOBEPXHOCTH NCCIIERYEMbIX o6pa3u03
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il Figure 4. Infrared spectrum of two-layer film from PA side in the range of 4000-400 cm™
1 — polyamide 6; 2 — sample PA/(PE + 2,0 % of betulin);

3 — sample PA/ (PE + 0,5 % of betulin)

ol Puc. 4 — VK-cnextp AByXCrOfHOM MIEHKM co cTopoHb! PA B mamasone 4000-400 ey

‘| 1— nonmamup 6; 2 — obpaser; PA/(PE + 2,0 % 6erynuua);

t] 3 — obpaser; PA/(PE + 0,5 % GerynuHa)
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COBMeCTHO ¢ HAUIVMMM KOJUIeTaMM OBUIM ITOTyYeHbI The quality analysis of the samples molecular structure
VK crexTpbl pa3pabOTaHHBIX ONBITHBIX MHOTOCIONHBIX  using infrared microscopy of Bruker company has been car-
IVIEHOK, MOAUQUUIMPOBAHHBIX NpUpOAHbIMM aHTMMU-  ried out. Infrared spectrum of films samples with different
KPOOHBIMM KOMIIOHEHTaMIA. amount of antimicrobial additive was registered for the pur-

KauecTBeHHBII aHaIM3 MOJIEKY/IAPHOI CTPYKTYy-  pose. The absorption lines of bitulin additive in the area of
pbl 00pasioB IpOBOAWIM C WCHONb30BaHMeM Mertoma 880 cm™ (correspond to deformation of C-H in trisubstitut-

VIK-cniektpockormn ¢upmbl Bruker. [Iyis atoro pernctpu-  ed benzene derivatives ) and C-O group in betulin molecule
poBaimu VIK-criekTpbl 06pasIiioB IJIEHOK C pasinyHbIM co-  appeared on the test samples. (Figure 4 & Figure 5).
iep>KaHueM aHTMMUKPOOHOU H006aBKM. Y MCCIemyeMbIX The derived infrared spectra confirm the obtained test

00pasIoB IpOSB/AITCA NMHUM HoromeHus pgobasku  results and indicate that introduction of native antimicro-
6erymmHa B obmactu 880 cm (coorBercTByeT medopma-  bial modifier in the concentration range from 0 to 2,0% has
mm C-H B TpusaMelleHHBIX HPOM3BOAHBIX OeH30/ma)  no negative impact on sanitary-hygienic characteristics of
1 1030 cm™, koTOpas cooTBeTCcTBYET Hedopmanyu Koneba-  the tested multilayer polymer films.

HysiM C-O rpymnsl B Monekyyie 6etynuna (puc. 4 u puc. 5)

VIK creKTpbl MOATBEPKAIOT MOTyIeHHbIE PE3YIBTATHI Conclusions
VICCTIEIOBAHMIT, I CBUJIETE/IbCTBYIOT O TOM, YTO BBEfieHUE The obtained results of the complex studies show that
HPUPOJHOTO AHTUMUKPOOHOTO MopmbuKaTopa B uanaso-  according to these results the tested film materials samples

He KoHIeHTpanui oT 0 1o 2,0% He OKa3bIBaeT HETaTMBHOTO correspond to the requirements of the customs union TR
JIEViICTBYA Ha CaHUTapHO-TUrMeHndeckme xapakrepuctukn  CU 005/2011 «About Package Safety» and can be recom-

MICCTIETOBAHHBIX MHOTOC/IONHBIX ITOTMMEPHBIX [UIEHOK. mended for usage in meat, dairy and food branches.
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Figure 5. Infrared spectrum of two-layer film from the side of PE k‘

in the range of 160-700 cm™ taken from Bruker LUMOS instrument " | ﬂ
1 — sample PA/(PE + 0,5 % of betulin); ' . !
2 — sample PA/(PE + 2,0 % of betulin) }
Puc. 5 — UK-cnexTp AByXcnoliHol mnéHku co croponsl PE B anama- }\v_/
30He 1600-700 cm-1 cHaTbIl Ha mpubope Bruker LUMOS / /\-"“N\)_ﬁ \"\'“' s
[ e

1 — obpaser; PA/(PE+0,5 % 6Gerynnua);
2 — obpaser; PA/(PE+2,0 % 6erymiua)
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